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Chemistry of medicinal Plants 
Part I 
Chemical Constituents of Clausena wampj 
The present work deals with the chemical examination of 
root bark of medicinally useful tree Clausena wampj. The aerial 
and underground parts of Clausena species (Rutaceae) have been 
studied extensively for the presence of coumarins and carbazoles. 
The furano- and pyrano coumarins of Clausena species and their 
D.N.A. interaction contributes towards their physiological and 
pharmacological behaviour. 
The present discussion deals with the isolation and 
characterization of a new furanocoumarin, named wampetin from the 
root bark of Clausena wampj Blanco. (Syn. C. lasnsium) collected 
from Forest Research Institute, Dehradun and identified by 
Mr. Kunwar Naresh Bahadur, Incharge, Botany Division, f^ -Sito-
sterol and an aliphatic ketone were also obtained. 
h^e benzene extract of the root bark of C. wampj on 
column chromatography followed by repeated crystallizations of the 
major constituent, afforded a white substance, m.p.137-8° which 
was identified as p -sitosterol by spectral studies. 
/
 The ethyl acetate extract on column chromatography yield 
a major band on elution with petrol-benzene (1:1) which could be 
purified on crystallization from ethyl acetate-methanol, m.p.68 , 
and identified as an aliphatic ketone. Further elution of the 
column with benzene-ethyl acetate {1:1) followed by preparative 
layer chromatography afforded another constituent, m.p.78 , which 
showed yellow fluorescence in o'V light. It was identified as 
wampetin- a new furanocoumarin by Iri, h KJ.IM, C U,.A\ and mass 
spectrometry. 
i/ampetin 
Part II 
Biflavanoids from the leaves of Fitzroya patagonica 
The leaves of Fitzroya patagonica were procured from 
Sims Park, Coonoor, India. 
In the present work, isolation and characterization of 
biflavanoids from the phenolic extractives of dried leaves has 
been discussed. 
The pheholi'; extractives of dried leaves of Fitzrova 
pataqonica on solvent fractionation followed by column chromato-
graphy and preparative fLC yield three fractions which appeared 
homogeneous on TLC (Benzene:t-yridine: Formic acid, 36:9*5). These 
fractions were labelled as Ft-1, Fh'II and FFIII in order of 
increasing R^ values. They were identified by chemical and 
spectroscopic methods as follows: 
FPI: It was found to be a mixture of the following three biflava-
noids: 
(a) 1-4' ,11-4',1-5,11-5,1-7,II-7-Hexahydroxy/~I-3',II-8_7 
biflavone. 
Cb) 1-4' ,11-4' ,1-5,11-5,1-7,II-7-Hexahydroxy/_~I-8,II-8_7 
biflavone. 
(c) I-41 ,11-4' ,1-5,11-5,1-7,II-7-Hexahydroxy/_~I-3' ,11-6J 
biflavone. 
FPU: It was found to be a mixture of the following two biflava-
noids: 
(a) I I - 4 ' , 1 -5 ,11-5 ,1 -7 , I I -7 -Pen tahydroxy^~I -4 ' -0 - I I . -6_7 
b i f l avone . 
(b) 1-4' , 1 -5 ,11 -5 ,1 -7 , I I -7 -Pen tahydroxy- I I -4 ' -0 - rp . e thy l 
/_~I -3 ' , I I -8_7bi f lavone (Podocarpusflavone-A), 
i« ig 
CH o 
Podocarpusflavcne-A 
FPIII: It was identified as: 
I I - 4 ' , I - 5 , I I - 5 , " I - 7 - T e t r a h y d r o x y - I I - 7 - 0 - m e t h y l / * " I - 4 , - 0 - I I - 6 _ 7 
bif lavone ( i soc ryp tomer in ) . 
OH 0 
OH 0 
Isocryptomerin 
<f 
The isolation and characterization of II-7-G-methyl-
hinokiflavone (isocryptomerin) for the first time from genus 
Fitzroya is of chemotaxonomic significance and shows chemical 
affinity of Cuoressaceae with other conifers. 
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INTRODUCTION 
1. The Constituents of Genus Clausena 
The Clausena is a member of the family Rutaceae (Rue 
family). Rutaceae comprises about 140 genera and 1300 species, 
widely distributed in the temperate and tropical regions of 
Northern and Southern hemisphere\ Genus Clausena constitutes 
o fourteen species, inhabiting tropical Asia, Africa and Australia . 
The chemistry of Clausena has special significance 
because of the occurrence of some novel coumarins with spasmolytic 
q 4 5 
property ' and anticonvulsant activity . A number of carbazole 
alkaloids have been reported from Clausena. Several Clausena 
constituents were found to have antibacterial activity . Most of 
the reports on Clausena species are of very recent origin and no 
attempt has been made -for the extensive study of Clausena consti-
tuents, 
Carbazole alkaloids6"17 and coumarins4,5,7»10'11»18~26 
are the most frequently encountered natural organic molecules in 
Clausena* Out of the fourteen species of Clausena. C. heptaphylla 
has been most extensively studied. 
2 
A. Alkaloids 
The discovery of heptaphylline (IV) in the roots of 
g 
Clausena hePtaPhvlla by Joshi and co-workers in 1967, constitu-
tes the first example of the characterization of a carbazole 
alkaloid in genus Clausena. In 1972, the structure of heptaphy-
15 lline was confirmed by synthesis . Heptaphylline (IV) has also 
been reported recently from C. pentaphvlla . C, excavata and 
8 R 
C. lansium . Later species also contains lansine (III) . 
R< *2 R, R> *5 
(I) 
(II) Murraryanine 
(III) Lansine8 
3-Methyl carbazole 
7 
Heptaphylline (IV) 
(V) 
(VI) Heptazoline 
(VII) Clausanitine14 
8-11 
6-Methoxyheptaphylline 
13 
12 
H 
OMe 
H ' 
DMA 
DMA 
DMA 
H 
H 
H 
OH 
OH 
OH 
OH 
OH 
Me 
• CHO 
CHO 
CHO 
CHO 
CHO 
CHO 
H 
H 
CMe 
H 
OMe 
H 
H 
H 
H . 
H 
H 
H 
H 
DMA 
H 
H 
H 
H 
H 
OH 
H 
(DMA = -CH2-CH=CMe2) 
3 
Biogenetically significant 3-methyl carbazole (I) co-
occurs with murrayanine (II) , murrayacine (IX) , girinimbene 
(VIII)15 and heptazoline (VI)13 in C. hePtaPhylla. The roots of 
C. indica constitute 6-methoxyheptaphylline (V) which is absent 
in other Clausena species investigated for carbazoles. 
(VIII) 
(IX) 
(x) 
15 Girinimbene 
u . 1 6 Murrayacine 
17 
Mupamine 
R 
Me 
CHO 
Me 
R1 
H 
H 
QMe 
The gummy solid from hexane extract of the roots of 
14 i \ 
2* amsta contains clausanitine (VII). In 1977, Mester and 
Reisch reported an optically active compound, raupamine (X) from 
17a the root bark of C. anisata . The structure of mupamine (X) 
17h 
has been supported by its synthesis . 
B. Coumarins 
Xanthoxyletin (XI), a constituent of C. excavata . co-
occurs along with osthole (XVII) and couraarrayin (XVIII) in 
1 8 
the roots of, C. arisata . Later species also contains 3-0,1-di-
methylallyl)-xanthyletin (XIII)18, imperatorin (XXIV)5'14'24 and 
chalepin (XIX) ' . Clausena willdenovii was found to contain 
0 ^ 0 
R 
(XI) Xanthoxyletin11'18 
(XII) Clausenin19'20 
(XIII) 3-0,1-dimethyl allyl)-
xanthyletin18'21 
(XIV) Dentatin7'10'22 
(XV) N o r - d e n t a t i n 1 1 ' 2 2 
(XVI) Clausar in 10 
1 
H H H 
H OH OH 
1,1DMA H H 
H 
H 
H 
H OMe 1,1DMA H 
H OH 1,1DMA H 
1,1DV1A OH H 1,1DMA 
0 , 1 DMA = - C M e 2 C H = C H 2 ) 
v3 
r^  
R ^ V ^ 0 ^ b 
(XVII) Osthole14'18 
(XVIII) Coumarrayin14'24 
R R 1 R, 
H CMe DMA 
CMe me ODMA 
^r° 
(XIX) Chalepin14'18 
only 3-(l,1-dimethylallyl)-xanthyletin (XIII)21. Clausenin (XII) 
19 11,20 and clausenidin (XX) co-occur in C. hePtaPhylla and C. excavata . 
Clausenidin (XX) has also been reported from C. pentaPhvlla which 
contains clausraarin A (XXI) , clausraarin B (XXII) , clausarin 
(XVI) and dentatin (XIV) . Later compound also occurs in 
7 00 
C. hePtaPhylla and C. dentata . Nor-dentatin (XV), a cons t i tuent 
11 22 of C. excavata , co-occurs with imperatorin (XXIV) in C. dentata . 
6 
H O ^ y ^ O "<*) 
(XX) Clausenidin11'10'19'20 
R R« 
(XXI) Clausmarin-A 
(XXII) Clausmarin-B^ 
CMe2OH 
H 
H 
C//ie20H 
A novel cyclopropyl coumarin, clausindine (XXIII) has 
23 
been reported by Joshi and co-workers in 1974 from C, indica . 
Five years later, another novel furanocoumarin, indicolactone 
diol (XXVl) was isolated from the roots of C. indica . After a 
gap of another four years we isolated wampetin (XXV) from C. wampi 
(Syn. C. lansium) . 
V 
R, 
R RH 
(XXIII) Clausindine23 
(XXIV) Imperatorin5,14'22»24 
(XXV) Wampetin25 
(XXVI) Indicolactone diol26 
y 
H 
H 
H 
H 
-ODMA 
? 
v. ^ 
HO V 
HO-^vAo J 
C. Terpenes 
Clausantalene (XXVII), a sesquiterpene was found to occur 
07 qn 
i n
 Q.» indica . Dried leaves of Clausena willdenovii cons t i tu t e s 
two novel diastereoisomeric compounds diclausenan-A and B (XXVIIl). 
CH2CHdCMe2 
(XXVII) Clausanta lene 
(XXVIIl) Diclausenan A & B 
(Diastereoisomers) 
8 
A C-33 terpenoid, Cwnethylclausenol (XXIX) has been 
28 isolated from the aerial parts of C. pentaphvll^ . 
x-4^4 
(XXIX) O-Methyl clausenol 
A novel penta nor terpenoid furanolactone, clausenolide 
(XXX) has been reported from C. heptaphvlla ., The structure of 
clausenolide has been supported by x-ray studies. 
(XXX), Clausenolide' 
9 
D. Miscellaneous Compounds 
2-Methyl anthraquinone (XXXI) has been reported from 
31 
the stem bark of C. heptaphylla . 
(XXXI) 2-Methyl anthraquinone 31 
The co-occurrence of 2-methylanthraquinone and 3-methyl 
carbazole in C. heptaphyllat suggests that the ring C of carbazole 
alkaloids is of mevalonoid origin as is the ring C of XXXI. There 
is only one report on the occurrence of furanoquinone (XXXII) from 
C. indica23. 
(XXXII) Furanoquinone' 
10 
Lansamide (XXXIII) and N-benzoyl-2-hydroxy-2-(4-methoxy-
8 phenyl)-ethylamine (XXXIV) have been reported from C. lansium and 
32 C. brevistvla . 
(XXXIII) Lansamide8 
MeO 7 V CH-CH2-NHCOC6H5 
OH 
(XXXIV) 
The occurrence of /3 -sitosterol in C. pentaPhylla and 
O Q 
C. lansium . and methyl linolenate in C. lansium is not surprising, 
(XXXV) 
11 
2. Chemistry of Coumarins 
The term coumarin is applied collectively to a large 
group of naturally occurring compounds possessing a 2H-1-benzo— 
pyran-2-one nucleus (XXXVI). At present the total number of 
coumarins reported from natural sources is about seven hundred. 
They may be classified as coumarin (XXXVI), hydroxylated 
(XXXVIIa & b), alkylated (XXXVIIIa & b) and prenylated (XXXIX) 
coumarins, furanocoumarins (XLa & b), pyranocoumarins (XLI), 
isocoumarins (XLII), bicoumarins (XLIII),courcorino lignoids (XLIV) 
and coumarin glycosides (XLV). 
(XXXVI) 
Coumarins have been encountered in varied types of flora 
and in all parts of plant4'5'7'10»11'18-26»33. They have also been 
reported from micro-organisms and animals . 
Coumarins are particularly associated with the families 
Rutaceae4'5'7'10'11'18~26,36 and Umbelliferae37'38. They have been 
recorded from a wide variety of plant parts mainly leaf and bark 
L_ 
c 
cz 
— ' 
-f* 
x. 
x 
n 
(stem or root). Structurally the greatest number of isolations 
appear to be of furanocoumarins while pyranocoumarins fall well 
behind. 
(XXXVIIa) (xXXVIIb) (XXXVIIIa) 
o o 
(XXXIX) 
(XLa) 
CT ^ 0 
(XLI) 
O^H> 
13 
0J.ie 
(XLIV) 
Oiv»e 
(XLVII) 
A. Chemotaxonomic Significance 
Among the.families usually considered to make up the 
natural order Rutales, couma'rins have been found in Rutaceae and 
Maliaceae . The co-occurrence of coumarins in these subfamilies 
may be pertinent to establish the phylogenetic relationship of 
Rutaceae and Maliaceae, a high degree of similarity between the 
coumarins of Rutaceae and Umbelliferae ,,families not considered 
so closely related, supports phylogenic affinity due to chemical 
convergence. 
(XLIII) 
AcO 
(XLVI) 
14 
A comparison of the secondary modifications to the 
prenyl side chains that abound in both families does, however, 
show some interesting distinctions. In Umbelliferae the wide 
spread occurrence of senecioyl, isovaleryl, 2-rnethyl butryryl and 
angeloyl side chains shows a distinct difference in coumarin orna-
mentation between the two families. Similarly, in its use of• the 
isopentenyl moiety and the formation of C-3-prenylcoumarins, the 
Rutaceae also demonstrates distinct pathways. There is strong 
37 
evidence that the prenyl like compounds of the Umbelliferae are 
actually degradation products of amino acids, a route not yet 
reported to occur in Rutaceae. The seemingly random distribution 
among furano- and pyranocoumarins both within Rutaceae and between 
Rutaceae and Umbelliferae, appears to suggest that these structures 
have little taxonomic value if they are the result of spontaneous 
uncontrolled cyclization. It seems prudent to consider only those 
processes known to be enzyme controlled, as potentially useful 
taxonomic markers (Scheme-II). 
lb' 
B. Physiological Activity of Coumarins 
The physiological behaviour of natural coumarins has not 
been studied extensively. However, the coumarins studied so far 
41 ha ye shown varied type of activity such as anticoagulant activity , 
5 3 4 
anticonvulsant activity , spasmolytic property ' antibacterial 
11 42 43 44 
activity ' , vasodilatory activity and molluscacidal activity 
It has lately been shown that certain coumarins act as 
inducers of aryl hydrocarbon hydroxylase and suppress 7,12-dimethyl-
45 benzanthracene-induced carcinoma in rats . Although coumarin 
(XXXVI) itself has very low antibacterial activity, other members 
like ostruthin (6-geranyl-7-hydroxycoumarin) and ammoresinol were 
most active against a wide spectrum of bacteria,. The most important 
46 
coumarin antibiotic, novobiocin was isolated as a fungal metabo-
lite from Streptomvces niveus, and its antibacterial spectrum was 
found to be different from those of other antibiotics. 
A number of coumarins have been tested for antifungal 
activity and three most effective fungicidal coumarins were 
psoralen (XLa), imperatorin (XXIV) and ostruthin. 
41 The coumarin anticoagulants such as dicoumarol , are 
employed in therapy to depress blood coagulation and to prevent 
thrombosis in diseases of coronary artery and related conditions. 
The coumarins pteryxin (XLVI)47, clausmarin-A (XXV)4 and B (XXVI)4 
were found to exhibit antispasmodic activity. 
16 
A number of coumarins from Umbelliferae possess vasodi-
latory activity and used for treatment of angina pectoris. Some 
furanocoumarins possess malluscacidal activity and are used for 
snail control 44 
Certain plant extracts and juices have been known to 
increase dermal photosensitivity. The substances responsible 
for this action are simple furanocoumarins, such as, psoralen 
{XLa). 
The coumarins of Mammea americana have been reported to 
48 possess insecticidal activity . In a recent study xanthotoxin 
(XLVIl) , a linear furanocoumarin, showed 1.00^  mortality to 
larvae of armyworm, Spodoptera eridaniat a generalist herbivore. 
The toxicity of xanthotoxin was greatly reduced in the absence of 
UV light, which is consistent with the known mechanism of photo-
inactivation of DNA by furanocoumarins through UV catalysed cross 
linkage of DNA by forming cyclo adducts of the type XLVIII with 
pyrimidine bases. 
(XLVIII) 
17 
C. Biogenesis of Rutaceous Coumarins 
Out of about two hundred coumarins reported so far, in 
the members of the Rutaceae, almost all of them appear to be 
derived from cinnamic acid. Trans-cinnamic acid (XLIXa) formed 
50 from the enzyme mediated deamination of phenylalanine undergoes 
51 
ortho oxidation , glucosylation and isomerization to the corres-
ponding cis-acid (XLIXb). These processes may include both enzyme 
52 
catalysed steps and photochemical phenomenon . Most of the ruta-
ceous coumarins are oxygenated at C-7 indicating that the trans-
and cis-p-coumaric acids (La & b) are the usual precursors 
(Scheme-I) and further substitution occurs only after cyclization. 
The major feature in the diversification of simple couma-
rins is the widespread incorporation of prenyl units. Prenylation 
has been demonstrated to occur at the umbelliferone (Li) stage . 
In Rut a qraveolens the addition of the dimethyl ally! unit at C-6 
appears to be specifically controlled by the enzyme dimethyl allyl 
54 phosphate: umbelliferone transferase ; 0 and Co prenylation 
presumably being mediated by other similar enzyme systems. The 
mechanism of prenylation of umbelliferone is visualized as involving 
the formation of the stable anion with three resonance structures 
Llla-c which may permit the electrophilic attack of a prenyl carbo-
nium ion at C^ or Cg or on the phenoxide to give 0-prenyl compounds 
(Scheme-I). Perhaps the role of prenylating enzyme(s) is to localize 
the charge on the anion to direct the attack of prenyl unit. 
18 
Scheme-1 
OOH 
(XLIXa) R=H 
(La) RdOH 
Simple counarins <-
OOH 
COOH 
uGlu 
(XLIXb) R=H 
(Lb) R=OH 
RdOH 
R=H 
(LI) (XXXVI) 
-H" 
o^b 
(L l l a ) (L l lb ) 
7-O-prenyl 
coumarins 
8-C-prenyl 
coumarins 
(LI Ic ) 
V 
6-C-prenyl 
coumarins 
19 
The formation of furanocoumarins (XLa) directly involves 
dimethylsuberosin (LIII) and osthenol (LIV) precursors as establi-
53 
shed by feeding experiments . The intermediate would appear to be 
either the prenyl epoxide (LV) or the diol (LVl) (Scheme-II). 
Marmesin (LVII) is found to be directly involved in the mechanism 
of the formation of normal furanocoumarins and further substitution, 
in the form of hydroxylation followed by methylation or O-prenyla-
tion occurs after furan ring formation. 
Scheme—II 
(LVII) Dihydrofuranocoumarin (XLa) Furanocoumarin 
20 
D. Structure Determination of Coumarins 
The conventional methods for the structure determination 
based on degradative studies etc. have undergone rapid changes in 
the last three decades with the introduction of new physical 
techniques. The characterization is usually done on the basis of 
UV, IR, 1HNMR, 13CNMR and mass spectral studies. 
Ultraviolet Spectroscopy 
UV spectroscopy, some times, proves extremely useful in 
the characterization of the phenolic plant constituents. Coupled 
with diagnostic color reactions, it provides at the outset a clear 
distinction between coumarins, flavones and isoflavones. 
The UV spectra of coumarins resemble the three banded 
spectrum of 2,4-dihydroxy-trans-cinnamic acid having maxima at 216, 
290 and 330 nm. The absorption bands of a number of coumarins are 
listed in Table-1 which shows that 7-hydroxycoumarin has only one 
56 
maxima at 325 nm unlike 2,4-dihydroxy cinnamic acid. 
21 
Table-I 
Name A 
max. 
(ran) 
Coumarin (XXXVI) 
5-hydroxycoumarin 
5-methoxycoumarin 
6-hydroxycoumarin 
6-methoxycouraarin 
7-hydroxycoumarin 
7-methoxycoumarin 
8-hydroxycoumarin 
8-methoxycoumarin 
275, 312 
245, 300 
245, 301 
224, 276, 348 
225, 275, 335 
325 
218, 318 
210, 254, 289 
251, 286 
On the .basis of resonance 
and by analogy with flavones, presence of hydroxyls at 5 and 7 
could be expected to lead to a red shift compared to the parent 
57 
compound in substituted coumarins . The absence of this effect 
is partly due to the reduced basic character of the lactone 
carbonyl compared to the pyrone carbonyi which makes the contribu-
tion of resonance structures less pronounced than those of benzoyl 
and cinnamoyl chromophores in flavones. 
<v £ 
According to Mangini and Passerini the absorption 
maxima in the region 300-333 nm is due to the combination of 
all the resonating structures of the coumarin and the maxima in 
the regies 270-.190 nm is due to antisymmetric combination of the 
polar structure only. 
Infra Red Spectroscopy 
The application of IR spectroscopy has been over shadowed 
in recent years by NMR spectroscopy as many of the structural featu-
res brought out by the IR spectrum are more clearly discernible in 
1 11 
the H & CNMR spectra. Inspite of this the IR spectrum offers the 
first clue to the nature of the compounds. 
IR spectroscopy is helpful in distinguishing between 
coumarins and flavones. The -C=0 band of the latter occurring at., 
higher wave lengths owing to the reduced basicity of the lactone 
carbonyl. Aromatic absorption bands are found in usual regions. 
59 Bukreeva and Pigulivskii have noted that 5-substituted furano-
coumarins have bands at 1616-24, 1601-8 and 1577-81 cm"1, the 
strongest being at 1616-1624 cm whereas those substituted at 
8-position have bands at 1621-25, 1583-85, 1559-61 and 1545 cm"1,.. 
the strongest absorption being at 1583-5 cm . Coumarins with 
substituents at 5- and 8-positions have bands at 1624-27, 1607-14, 
1588-95 cm"1. 
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Furano coumarins (XLa) also show very strong absorptions 
at 740-80 cm due to the C-K in plane deformation. In other couma-
rins this band is weak or absent. 
NMR Spectroscopy 
1HNMR 
The use of nuclear magnetic resonance spectroscopy for 
characterization of ccumarin derivatives has recently been 
reviewed . The chemical shifts for the protons in the 3- and 
4-positions of coumarin (XXXVI) (Table-Il) are almost the same 
(S 6.1-6,4 and 7.5-8.3) as those observed for the ethylenic protons 
in O-coumaric acid. The coupling constant (J3 4= 9.5 Hz) confirms 
that the protons at 3- and 4-positions are cis- to each other, as 
expected. All coumarins unsubstituted in the pyrone ring exhibit 
this feature and provide a strong evidence of the presence of the 
unsubstituted coumarin nucleus. The appearance of H-3 and H-4 
signals in different regions also helps in distinguishing 3-substi-
"tuted coumarins from 4-substituted coumarins. 
In some natural coumarins a third ring is fused with the 
benzopyrone system, forming a new oxygen heterocycle involving the 
C-7 oxygen atom. Such rings result from cyclizations of 5-carbon 
chains and may be 5-membered (furano coumarins) or 6-membered 
(pyrano coumarins) depending on the point of cyclization . 
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0 0 
(XLb) 
Table-II 
S -values of protons in some coumarins and furanocoumarins, 
Protons 
H-3 
H-4 
H-5 
H-6 
H-7 
H-8 
H-2' 
H-3' 
Phenolic 
Phenolic 
-
Q/te 
OH 
Chemical sh i f t s 
6.11-6.39 (J — 9.5 Hz) 
7.58-8.15 (J ~N 9.5 Hz) 
6.78-7.54 
6.37-7.38 
7.42 
6.26-7.41 
7.54-7.70 (J ^ 2.5 Hz) 
6.78-7.12 ( J 1 — 2.5 Hz, 
J 2 — 1 Hz) 
3.80-4.25 
10.05-10.23 
2^ = ^H-3 • H-8 ^ ^near furanocoumarins) 
or ^u qi u A (angular furanocoumarins) 
Furanocoumarins (Table-II) are easily recognized by the 
coupled furan doublets (J ^ 2.5 Hz), H-3' at S 6.7-7.2 and H-21 at 
S 7.5-7.7. H-21 signal is same with in this narrow range for all 
furanocoumarins, however,H-3* provides information on the position 
of benzene substituents through long range coupling effects „ For 
example, long range coupling between H-31 and H-8 (J ^ 1 Hz) in 
linear furanocoamarins, or H~3' and H-6 (J *-~ 1 Hz) in angular 
derivatives provides most useful clue to distinguish linear furano-
coumarins (XLa) from angular ones (XLb). However, in furanocoumarins 
H-3 and H-4 appear as ortho coupled doublets (J—9.5 Hz) as in the 
case of coumarin. 
The H-8 signal appears upfield in 5-hydroxy furanocouma-
rin compared to H-5 signal in 8-hydroxy furanocoumarin, because of 
the presence of oxygen atom adjacent to H-8. 
Like simple coumarins furanocoumarins some times possess 
5- or 10-carbon side chains such as prenyl, epoxy prenyl, dihydroxy 
prenyl and geranyl groups. The isoprenyl ether group in the 5- or 
8-position of the linear furanocoumarin system can be differentiated 
readily, since the gem dimethyl group of the former shows a doublet 
due to an apparently dissimilar environment created by an aniso-
tropic effect due to 3,4 double bonds, while the latter shows a 
singlet indicating a similar magnetic environment for both methyls. 
In angelicin (XLb), H-5 and H-6 give rise to a sharp singlet at 
S 7.37. This indicates that the anisotropic effects of furan and 
pyrone rings on these protons are compensated. 
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Solvent Induced Shifts in 'fflMR 
Quite a few coumarins were invest igated for hydroxyla-
t ion pattern and determination of the posi t ion of nuclea" methyl 
A 7 
groups by using benzene induced shifts in NMR. The solvent shift 
studies of methylated coumarins relative to CDC1- have been made 
(Table-Ill). 
Methyl or methoxyl groups located at C-3 or C-8 show only 
small changes and are readily distinguished from other isomers. Thus 
methyl substituents at C-3 are slightly shielded (0.08-0.09 ppm), 
while those at C-8 are deshielded (-0.02-0.12 ppm). In contrast to 
a C-8 methyl group, a C-8 methoxyl is slightly shielded. Maximum 
shielding of methyl substituents occurs at C-4 and C-5 (0.63-0.80 ppm) 
while methyl substituents at C-6 and C-7 exhibit an intermediate 
shift (0.28-0.43 ppm). A C-4 methyl exhibits allylic coupling with 
the C-3 proton and is thus easily distinguished. 
Methoxyl substituents at C-5 and C-7 show an appreciable 
upfield shift (0.60-0.77 pprn) and are readily distinguished from a 
C-8 methoxyl. The presence of a C-5 methoxyl as opposed to a C-7 
methoxyl is clearly demonstrated by its effect on the solvent shift 
of a 4-methyl substituent which is usually 0.63 to 0.80 ppm but 
falls to 0.40 ppm when a C-5 methoxyl is present. 
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Table-Il l 
(XXXVI) 
Desh ie ld ing 
Benzene- A ' - v a l u e s fo r methyl and methoxyl resonaces i n coumarins 
( A = S CDCI3 - 6 C 6H 6) . 
Compound No. Substituents 
8 
A (ppm) 
(XXXVIa) 
(XXXVIb) 
(XXXVIc) 
(XXXVId) 
(XXXVIe) 
Me Me 
Me Me 
Me 
Me 
Me OMe 
Me 
Me 
OMe Me 
OMe OMe 
OMe 
4-Me 
5-Me 
7-Me 
3-Me 
4-Me 
6-Me 
4-Me 
7-OMe 
8-Me 
4-Me 
7-OMe 
8-OMe 
4-Me 
5-OMe 
7-OMe 
0.79 
0.72 
0.28 
0.09 
0.72 
0.38 
0.65 
.0.60 
-0.12 
0.70 
0.60 
0.18 
0.40 
0.77 
0.62 
A values are reported in ppm and were calculated from signal 
assignments measured at 60 M Hz. 
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The aromatic proton s h i f t s were i n v e s t i g a t e d us ing C^D^. 
All the protons in coumarin v.'ere s h i e l d e d in C^D^ r e l a t i v e t o 
CDCl^, but the maximum s h i e l d i n g occur red a t C-4 (1.06 ppm) and 
.minimum sh ie ld ing a t C-3 (0 .15-0 ,29 ppm) and a t C-8 ( 0 . 0 8 - 0 . 1 4 ppm). 
. 53 - .57 - 7 6 - . 7 9 
32- .52 ^ ^ v ^ ^ . 1 5 - . 2 9 
O ' ^ O 
. 0 8 - . 1 4 
(XXXVI) 
Lanthanide Induced Shift68 in 1HNMR 
The first lanthanide shift reagent employed is Eu(F0D)3, 
which complexes with the carbonyl oxygen so that all the shifts 
can be related to a position for the europium atom in the plane of 
the ring and on the C-3 side of the C=0 bond (XXXVI). Relatively 
large downfield shifts were observed for C-8 substituents. 
cu 
(XXXVI) 
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It has also been used to differentiate between the possi-
ble isomers of avicenol (LVIII). Its side chain hydroxy group 
was marked by the formation of trimethylsilyl derivative and then 
complexation with Eu(fod)^ was proceeded. The best fit between 
observed and calculated shifts was obtained with 0 = 152.5° and 
d = 2.75A0. It gave exactly the observed shift for C-4 proton 
(0.31) relative to C-3 proton (1.00) and reasonable values for other 
shifts. The observed and calculated values for the side chain C-1" 
and C-2" protons were in accord with the position of side chain at 
C-8. 
MeO 0 ^b 
(LVIII) 
Nuclear Overhauser Effect (NOE) 
NOE was f i r s t applied to the study of organic compounds 
in 1965 and has been u t i l i z ed in recent years for providing s t r u c -
tu r a l information about coumarins. 
70 
3d 
71 
The structure of neishoUtol (LIX) was confirmed by 
determining the peri relationship of the C-4 proton and C-5 methoxy 
group by double irradiation of C-4 proton, which caused a \2% 
increase in the integrated .intensity of the C-5 methoxyl protons 
when compared with the intensity on irradiating at approx. 50 Hz 
upfield from the C-4 proton signal. Conversely, a 11% increase in 
the integrated intensity of the C-4 proton resulted from the satu-
ration of C-5 methoxyl signal. A similar effect was observed in the 
79 
case of poncitrin (LX), when the saturation of C-5 methoxyl signal 
resulted in appreciable increase in the intensities of both C-4 and 
C-4' protons. Similar results were obtained on irradiating dihydro 
poncitrin. This clearly established that C-5 methoxyl must be in 
close proximity to both C-4 and C-41 protons. 
NOE has also been used in establishing the stereochemistry 
•y-3 
of double bond in the side chain of murralogin (LXI) and in the 
confirmation of structure of avicenol (LVIII). 
.1 PMe 
(LXI) 
3i 
13CNMR 
1 *? 
CNMR spectrum with its wide chemical shift range of 
about 220 pprn (downfield to TMS) has proved to be distinctly 
advantageous in the structure elucidation. For such studies in 
13 
coumarin derivatives three types of CNMR spectra are generated, 
a) The proton noise decoupled (pnd) spectrum in which non-
equivalent carbon atoms resonate as separate single lines and 
provides, information about the number and nature of carbon atoms 
on the basis of their chemical shifts; 
b) The single frequency off-resonance decoupled spectrum 
gives the hydrogen substitution pattern where carbon signals are 
split according to the number of attached hydrogen atoms; and 
c) The proton coupled spectrum which gives JpH coupling 
values extending upto three bonds. Other innovations such as 
specific proton decoupling, spin relaxation time and deutration 
studies have rarely been used so far in the case of coumarins. 
The carbon resonances of coumarin (XXXVI) appear in the 
range 100-160 pprn in the 13CNMR spectrum (Table-IV). The proton 
noise decoupled (pnd) spectrum consists of 8-separate lines corres-
ponding to 9 carbon atoms. The relative peak heights in the pnd 
spectrum lead to the recognition of non-hydrogen carrying carbon 
atoms, because such peaks are of low height due to reduced nuclear 
overhauser enhancement (NOE effect). 
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13, 
C-2 
C-3 
C-4 
C-5 
C-6 
C-7 
C-8 
C-9 
C-10 
C-2 ' 
C-3 ' 
Table - IV 
tNMR spectral data for courcarin and furanocounarfn 
Carbon XLa 
(XXXVI) 
161.1 
114.7 
144.2 
12.0.0 
125.0 
156.6 
99.9 
152.2 
115.6 
147.0 
106.6 
XXXVI 
1 5 9
-
8
 < JC-2,H-3-4-5 Hz; ^ ^ = 1 1 . 5 Hz) 
115.8 (Jc_3,H-3=172.0 Hz) 
1 4 2
'
8 ( J C 4 , H ^ = ^ 4 . 5 Hz; J ^
 R ^ Q „ z ) 
J C-5,H-6- 1 - 0 H*; JC-5,H-7=7-5 Hz) 
1 2 3
'
8 ( JC-6,H-6=^4.0 Hz; JC_6 > H_8=7.5 Hz) 
J 3 1 ' ' iJClhHff'"HZ; JC-7,H-6=1.°Hz; C.7 ,H-7=^3.5 hZ; J ^ ^ . o Hz) 
1 1 5
'
8 ( JC-8,H-6=7-0Hz; JC_ 8 ,H_ 8 =164.5 Hz) 
153.3 
118.2 
13, 
'CN/.iR of furanocoumarin 
tion in distinguishing the li 
s provides valuable info 
rma-
near from angular furanocoumarins. 
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1 3 CNMR studies on a variety of linear furanoccumarins 
75 have been reported involving C-H coupling values, ring annulation 
shifts, NOH and substituent chemical shift effects. The signals of 
the protonated carbons of. furanocoumarin (psoralen, XLa) were 
assigned by comparison of the chemical shifts and coupling pattern 
of C-3,4,5 & 8 signals with those of coumarin and the C-2' and C-31 
signals with corresponding ones of benzofurans. The C-2 resonance 
can be identified by its characteristic two and three bond couplings 
with H-3 and H-4 in proton coupled spectra . A shielding of C-3 by 
•i« 4 ppm is caused by the para orientation of the furan oxygen to 
the acrylic acid portion of the coumarin system, as in the case of 
75 
oxygenation at C-7 of the coumarin nucleus 
13 
CNMR spectral assignments in some angular furocoumanns 
have been made with the help of off-resonance decoupling and shift 
>3 
77 
reagent-induced shifts where in titanium-tetrachloride, Eu(fod). 
and trichloroacetyl isocyanate (TAl) have been employed. 
Shift Reagent-Induced Shifts in 13CNMR 
Titanium tetrachloride has been shown to be an informative 
13 
shift reagent for CNMR studies. In the case of c< , ^ -unsaturated 
ketones and aldehydes, addition of TiCl. caused larger and diagnos-
tic downfield shifts for the carbonyl carbon (4-10 ppm) and the /i-
carbon (4-16 ppm), while the oC-carbon showed a small upfield shift 
(0.5-2.5 ppm). This effect was associated with a change in the 
34 
distribution of charge density (-C-C=C-0~), which occurs to a 
greater extent at carbon',1 and /3-carbon atoms and to a limited 
extent at the d. -carbons . CU'uR spectra of coumarin (XXXVI) 
and furanocoumarins (LXII) were studied with and without the 
addition of TiCl. which showed that C-9 underwent a small upfield 
shift (0.6-1.0 ppm) similar to that of C-3 (0o8-1.4 ppm), while 
both C-2 and C-4 were shifted downfield und^r the influence of 
77 
TiCl 4 ' 
+ wo -t-^ .i/ 
+ 1-S" 
+0-6-
(XXXVI) 
+ 3-o 
+ o-3 (LXII) 
-l>k 
Trichloro acetyl isocyanate (TAI) shifted the ipso 
carbinolic carbon strongly downfield, while the adjacent carbons 
are shifted upfield. The size of TAI-induced shift falls with the 
distance from the carbinol carbon 79 
3 ii 
Determination of Substitution Pattern By CNViR 
(i) Methylation Induced Shifts 
Methylatijn of <-.—OH induces the largest change'of 1.4 ppm 
in the vicinal C-3 signal, other carbon signals are static or 
shifted slightly upfield, except for C-6 or C-7. V/ith a 7-methoxy 
coumarin, the only significant differences compared with the respec-
tive hydroxy compound are at C-7 (dov/nfield shift of 0.8 ppm) and at 
the ortho sites C-6 and C-8 (upfield shift of 1-2 ppm) (Table-V). 
Table-V 
Substituent chemical shift effects in methoxycoumarins. 
Carbon 4-Methoxvcoumarin 7-Methoxycoumarin 
a 
+2.1 
-25 .9 
+22.1 
- 5 . 5 
- 0 . 2 
+1.0 
+0.4 
- 0 . 7 
- 3 . 4 
b 
- 0 . 5 
- 1 . 4 
0.0 
- 0 . 7 
+0.2 
+0.1 
0.0 
- 1 . 1 
- 1 . 0 
a 
+0.5 
- 3 . 6 
+0.1 
+1.0 
- 1 2 . 1 
+30.9 
- 1 5 . 4 
+1.9 
- 6 . 5 
c 
- 0 . 6 
+0.8 
+0.5 
- 0 . 4 5 
- 1 . 3 
+0.8 
- 2 . 0 
- 0 , 4 
+0.5 
a- Chemical shift differences from coumarin in DMSO. 
b- Chemical shift differences from 4-OH coumarin in DMSO. 
c- Chemical shift differences from 7-OH coumarin in DMSO. 
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The QMe bearing carbon is identified by the presence of a 4 Hz 
74 quartet splitting in proton coupled spectra . 
(ii) Acetylation Induced Shifts 
The acetylation of a phenolic hydroxy group causes a 
significant shift in the resonances of the aromatic carbons and 
can be used to determine the arrangement of hydroxy and methoxy 
80 groups in the molecule . Thus the signal due to the hydroxy-
bearing carbon is moved upfield by 6.6-15.6 ppm upon acetylation, 
v/here as the ortho and para carbon signals are moved dov/nfield by 
4.1-12.1 ppm and 2.0-7.9 Ppm,respectively. The meta carbon signals 
are only slightly shifted up (0.9-4.3 ppm). The acetylation of 
compounds having a carboxyl group ortho to the hydroxy group leads 
to an appreciable upfield shift of the carbonyl carbon signal due 
to loss of hydrogen bonding on acetylation. 
+11.42 
(LXIII) 
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Mass Spectrometry 
Mass spectrometry plays an important role among the 
various techniques usually employed for structure elucidation 
of coumarins. 
Under electron impact, compounds derived from coumarins 
lose oxygen atoms as CO. There is a difference of opinion among 
different scientists regarding the structure of the ion arising by 
the loss of CO from 2-pyrones (LXIV). It has been commonly assumed 
to have a furan type structure (LXV). Pirkle 's deuterium labell-
ing study of 2-pyrones has clearly shown that the C.H^O radical 
cation can not have furan structure (LXV).' A few other groups of 
N 0 ""0 
-CO 
0 
(LXIV) (LXV) 
wo 
op 
rkers support Fiikle's view. Recently, Brent et al. have 
detected Q2% benzofuran when coumarin was pyrolysed at 1000°C in a 
current of N2 at 2-6 mm and the results were comparable with the 
mass spectra of coumarin. Methoxycoumarins (LXVI) readily lose CO 
and CH~ either simultaneously or one after the other depending upon 
the structure . The loss of that CH- is favoured which affords an 
ion probably stabilized by a quinonoid structure (LXVIl). 
3S 
The loss of 0CH3 group by fission of a phenyl-oxygen bond 
does not readily occur. C-prenylated coumarins (LXVIII) lose CH-
from prenyl substituent rather than from methoxy group, as the 
former gives rise to highly conjugated ion (LXIX). 
Me < 
0^ 0 
-We* 
(LXVI) (LXVII) 
MeO 
(LXVIII) 
-Me* 
MeO 0 ^ -0 
(LXIX) 
In coumarins having a five membered or longer chain 
allyl ether function, fragmentation of the aliphatic residue 
with hydrogen rearrangement is very facile. Linear furanocoumarins 
(LXX) lose CO and allyl ether chains easily till it is possible to 
write quinonoid structures for derived ions. 
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(LXX) 
-CO 
C8H5° * 
-CO 
X" 
V' 
0 
+ 
- R 
-CO 
0 ^ 0 
-CO 
C?H5 
The ready elimination of CO also occurs in angular furano-
coumarins (XLb). In it all the oxygen atoms are lost as CO. 
-CO 
•» 158 
-CO 
-* 130 
-CO 
•> 102 
o 
m/z 186 
(XLb) 
A common feature of the fragmentation of 2,2-dimethyl 
chromenopyrones consists of a process, which involves the loss 
of methyl radical to form a stable benzopyrylium ion. It is 
followed by loss of oxygen as CO. 
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For example, Anwer & co-workers studied the mass fragmentation 
pattern of clausarin (XVI). 
M , m/z 380 
(XVI) 
The cracking down was characterized by loss of a methyl 
radical (m/z 365) and the subsequent loss of other functional 
groups, thus showing the fragment ions at m/z 337/~iv'i"r-(j,1e-+CO) 7»312 
(M+-C5H8), 311 (M+-C5H9), 309/~M+-(l'.ie+2CO)_7, 297/"M+-(i\ie^C5H8)_7, 
283j/"M+-(C5H9+CO)_7 etc. 
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The use of G.C-M.S is a significant advancement for the 
identification of coumarins and similar compounds even without 
isolation. This technique has been employed for the identifica-
tion of 4-phenyl and 4—alkyl coumarins of i/.amrnea americana, 
84 Mamine a af ricana and Calophyllum . 
D I S C U S S I O N 
4? 
DISCUSSION 
Chemical Constituents of Clausena wampi 
I. • •!!. • ! il ! • • • • » I IMII—I I 
The present work deals with the chemical examination of 
3-5 11 
root bark of medicinally useful * tree Clausena wampi. The 
aerial and under ground parts of Clausena species (Rutaceae) have 
96 85 been studied extensively for the presence of coumarins ' and 
o 
carbazoles . The furano- and pyranocoumarins of Clausena species 
49 
and their D.N.A. interaction contributes towards their physiolo-
gical and pharmacological behaviour. 
The present discussion deals with the isolation and 
characterization of a new furanocoumarin (XXV), named wampetin 
from the root bark of Clausena wampi Blanco (Syn. C. lansium) 
collected from Forest Research Institute, Deh-radu'n and identified 
by Mr. Kunwar Naresh Bahadur, Incharge, Botany Division, p -Sito-
sterol and an aliphatic ketone were also obtained. 
The benzene extract of the root bark of C. wampi on 
column chromatography followed by repeated crystallizations of 
the major constituent, afforded a white substance, m.p.137-8°, 
labelled as CWI. 
The ethyl acetate extract on column chromatography 
yielded a major band on elution with petrol-benzene (1:1) which 
could'be purified on crystallization from ethyl acetate-methanol, 
4 1 
m.p,68°, and labelled as CWII. Further elution of the column with 
benzene-ethyl acetate (1:1) followed by preparative layer chromato-
graphy afforded another constituent, m.p078 which showed yellow 
fluorescence in UV light. It was l-abelled as CV/III. 
CV/I- /^-Sitosterol 
CVil, m. p. 137-38 , gave positive Liebermann Burchard 
color test. Its m.p. and Rf value on TLC (0.37, C6H6:CHC13 1:1) 
compared well with the authentic sample. IR spectrum revealed 
the presence of -OH group (3340 cm"1), C=C (1655 & 840 cm"1) and 
/CMe2 groups (1460 & 1370 cm"1). 1HNMR spectrum of CsVI indicated 
signals (CDClg, £ -scale) at 0.68, 0.80, 0.85, 0.87, 0.95, 1.01 
(methyl protons), 3.52 (1H-3-OH group) and 5.32 (1H, vinyl proton), 
The mass spectrum of CWI gave molecular ion (M+) at m/z 414 (24?0. 
The characteristic peak at m/z 57. (4820 is identified as the frag-
ment originating from the cleavage of ring A. 
(XXXV) m/z 57 
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The other characteristic peaks are 414 (24%) M+; 399 
(9;u) M-15; 396 (12%) M-18; 381 (5#) M-18-15; 357 (\%) M-57; 273 
(11/c) M-side chain; 255 (15%) M-18-side chain. 
Therefore the spectral data, m.m.p. and Co-TLC confirmed 
CWI as /^-sitosterol (XXXV). 
(XXXV) 
CWII-Aliphatic Ketone 
CWII, m.p.68°, Rf =0.62 (C6H6-ethyl acetate 5:1) showed 
"l)_av at 2920 cm"1, 2860 cm"1 (C-K stretching) and 1710-1700 cm"1 
A 
(carbonyl function) in IR spectrum. The HNiViR spectrum (Fig. 1) 
revealed the presence of triplets at & 0.88 and 2.36 which can be 
tentatively assigned to the terminal methyl protons of the alipha-
tic chain and methylene protons adjacent to carbonyl function, 
respectively. The singlet at £ 2.16 may be assigned to the methyl 
protons adjacent to the carbonyl function. A characteristic 
triplet at £ 1.24 integrating 24 times compared to the triplet at 
^ 
£ 2.36 may be assigned to methylene protons of the normal alipha-
tic chain. The signals at £ 0,88, 1.24, 2.16 and 2.36 are in the 
ratio of 1:3:3:24. However, mass spectrum revealed molecular ion 
at m/z 508 with a successive loss of methylene group, base peak 
appearing at m/z 368 shows it to be a simple aliphatic ketone. In 
absence of gas chromatographic data or GC-MS analysis it is diffi-
cult to comment about the purity of the sample and further charac-
terization. 
CV/III 
Wampetin (XXV), m.p.78°, analysed for C21Hlg06 (M+ 366), 
— 1 —1 
showed IR bands at 1755 cm and 1710 cm indicative of the 
presence of an <£- ,/^-unsaturated-Y-lactone and «C , /3-unsaturated-
£ -lactone groups. Its cleavage with cone. H^SO. afforded xantho-
toxol (LXXI) indicating that wampetin is a C-8 ether of xanthotoxol 
(LXXI). 
The 200 MHz 1HNMR spectrum (fig. Ila-IIe) of XXV integ-
rated for 18 protons and assignments of their chemical shift values 
are given in Table-VI. A pair of doublets at £ 6.35 and 7.79 
(J=9.52 Hz) was assigned to the H-3 and H-4 of the coumarin nucleus. 
Such doublets are characteristic to the unsubstituted coumarin 
nucleus. Another characteristic pair of doublets for the protons 
at C-2' and C-3' appeared at £"6.83 and 7.71 (J=2.30 Hz). As 
expected the proton at C-5 was observed as singlet at £ 7.39. A 
doublet of two protons which appeared at £ 5.09 (J=6.6 Hz) was 
assigned to -OCH2- group at C-1". The olefinic proton at C-2" 
appeared as multiplet at 8 5.72 (J=6.6 Hz and 0.98 Hz) due to 
coupling effect of methylene and methyl protons at C-1" and C-4"^ 
respectively. The three methyl protons at C-4" appear as broad 
singlet at £1.79 and the methylene group'at C-5" appeared as 
multiplet. at £ 2.36. A multiplet centred at £" 4.92 (J=6.5, 1.6 
and 1.95 Hz) was assigned to the proton at C-6" of a 5-memb3red 
Table-VI 
HNLR spectral data of wampetin (200 MHz, £ -scale, T/.iS as internal 
standard, CDC13). 
Assignments 
H - 2 ! 
H-3* 
H-3 
H-4 
H-5 
H - 1 " 
Chemical > 
7.71 (1H, 
6 . 8 3 (1H, 
6 . 3 5 (1H, 
7 . 7 9 (1H, 
7 .39 (-1H, 
5 .09 (2H, 
Shi 
d) 
d) 
d) 
d) 
s ) 
d) 
Assigaments Chemical Shifts 
H-2" 
H-4" 
H-5" 
H-6" 
H-7" 
H-9" 
5.72 (1H, tm) 
1.79 (3H, brs) 
2,36 (2H, ra) 
4.92 (1H, tm) 
6.93 (1K, dq) 
1.88 (3H, t) 
Spectra were recorded at JEOL FX 200. J-values in Hz: 
JH-2',H-3' = 2 , 3 0 ; JH-3,H-4 = 9 , 5 2 ; JH-1",H-2" = 6 o 6 ; 
JH-2",H-4" = 0 , 9 8 ; JH-5",H-6" = 6'5; JH-6",H-7" = 1 , 6 ; 
^H-7M,H-9" ~ 1»71; ^ u H-6",H-9 „ = 1.95. 
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IV 
lactone. H-7" appeared as multiplet at £ 6.93 (J=0.16 and 1,71 Hz) 
coupled by H-6" (methine proton) and H-9" (methyl protons). The 
triplet at £ 1.88 (J=1.95 and 1.71 Hz) for three protons could be 
assigned to the methyl function at the °C -position of the ^ , $-
unsaturated-Y-lactone group, the multiplicity being explained by 
the assumption of a long-range homoallylic coupling with H-6". 
The relationship of H-9" with H-6" and H-7" was estab-
lished by decoupling experiment (NMDR technique). Irradiation at 
5 1.8865 caused the multiplet (dq) at £ 6.93 (H-7") to change to a 
doublet accompanied by a simultaneous change in shape of the multi-
plet (tm) at £ 4.92 (H~6M). Irradiation at £ 2.3648 simplified the 
multiplets at £ 4.92 (H-6W) and £ 6.93 (H-7"), establishing the 
relationship of H-5" with H-6" and H-7". This was further supported 
by the appearance of sharp singlet at £ 1.88 (H-9")» a double doub-
let at £ 2.36 (H-5") and simplification of the multiplet at £ 6.93 
(H-7«) by irradiation at £ 4.9254. Irradiation at £ 5.0416 simpli-
fied the multiplet at £ 5.72 (H-2") showing the relationship between 
H-1". ,and H-2". This was further supported by change of doublet at 
£ 5.09" (H-1w) on irradiation at £ 5.7267. Irradiation at 6~ 6.9342 
changed the double doublet appearing like a triplet at £ 1.88 (H-9") 
to doublet accompanied by the simultaneous change in the shape of 
the multiplet at £ 4.92 (H-6"). 
(LXXI) 
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(XXV) 
The 13CNMR of wampetin (XXV) shows 20 signals for 21 
carbons (fig. Ilia & b). The signals at S 10.58 and 17.24 ppm 
were assigned to the methyl carbons, to C-4n and C-9", respect-
ively. The signal at 6* 43.37 can be assigned to the methylene 
carbon, C-5" while another methylene carbon (C-1") appears 
appreciably downfield at 8 69.64 ppm showing its linkage with 
oxygen. Similarly another saturated carbon, C-6", appears at 
S 79.54 ppm because of the adjacent oxygen atcm. The unsubsti-
tuted aromatic and olefinic carbons were assigned by the compari-
son of the CNMR data of known furanocoumarins ' . The signals 
at £ 106.85 and 146.70 were assigned to C-3' and C-2S respectively. 
The two unsubstituted carbons in the coumarin ring appearing at 
8 114.76 (C-3) and 144.32 (C-4) splitted into doublet by OFR 
experiment. Aromatic carbon at 5-position appearing at 113.54 also 
shows a doublet by OFRf while other ring carbons appearing at 
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S 116.58 (C-4a), 148.65 (C-8a), 125.95 (C-6), 148.26 (C-7) and 
131.48 (C~8) do not show coupling which confirms the absence of 
protons on them. C-7, C-8 and C-8a appear downfield compared to 
C-4a, C-5 and C-6 because of the oxygenation at C-7, C-8 and C-8a. 
i 
Olefinic carbons appearing at 8 123.94 and 137.02 were assigned to 
C-2" and C-3". C-7" appears together with C-4 at 8 144.32 and also 
shows a doublet by OFR experiment. The two signals of low intensity 
at 8 160.37 and 173.82 were assigned to the carbonyl carbons, C-2 
andC-10", respectively. 
Mass spectral data shown in Scheme-Ill shows base peak 
at m/z 202 (M+*-farnesyl unit) and molecular ion at m/z 366 (3.2%). 
Appearance of the ions at m/z 269 (0.2/o) and at m/z 165 (1%) are 
diagnostic to the side chain attached through oxygen to the C-8 of 
furanocoumarin nucleus. The presence of base peak at m/z 202 and 
ion at m/z 174 (10%) provide sufficient evidence for the presence 
of furanocoumarin nucleus. The appearance of ions at m/z 116 and 
m/z 117 provide proof of the presence of aromatic ring. The ion 
at m/z 97 is attributable to V -lactone moiety of the side chain. 
Thus the above chemical and spectral evidences provide 
sufficient proof to establish the structure of wampetin as XXV. 
5 
113.54 144.32 
114.76 
137.02 ll3" „ 179.54 &-
4» /\r>^^ o -"% 
10.58 43.37 
173.82 
(XXV) 
However, some minor constituents encountered in different fra 
tions could not be characterized structurally so as to includ 
them in present discussion. 
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EXPERIMENTAL 
Isolation of the Constituents of the Root Bark of Clausena wampi 
Blanco. 
The dried and powdered root bark (0.5 Kg) of Clausena 
wampi collected from Forest Research Institute, Dehra Dun, U.P. 
(India) was extracted exhaustively and successively with boiling 
benzene and ethyl acetate. 
The benzene extract was concentrated and dried to afford 
a dark brown gummy mass (1.5 g). It was adsorbed over silica gel 
(5 g) and poured over a glass column (105 cm long and 25 mm in 
diameter) containing silica gel(3DH, 40 g) in n-hexane. After the 
development of the bands, the column was eluted with organic 
solvents in the order of increasing polarity. The fraction collec-
ted on elution with benzene:ethyl acetate (9:1) afforded a white 
amorphous solid. It was purified by crystallization from chloro-
form-methanol and labelled as CV/I. 
The ethyl acetate extract gave a .brown residue (1.0 g) 
which was adsorbed over silica gel (4.0 g) and poured over a column 
containing silica gel (BDH, 30 g) in n-hexane. After the appearance 
of different bands, the column was eluted with solvents with 
increasing polarity. The fractions collected on elution with 
petrol-benzene (1:1) showed one major spot an TLC. On removing the 
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solvent, a white amorphous solid was obtained, which was purified 
by crystallization from ethyl acetate-methanol, m.p.68° and 
labelled as CV/II. The fractions collected on elution with ethyl 
acetate-ether (1:1) showed one major spot on TLC alongwith two 
minor ones. All these fractions were mixed,' concentrated and sub-
jected to preparative thin layer chromatography over silica gel 
(benzene:ethyl acetate, 3:1 used as developer) to afford the major 
band (Rf = 0.46, yellow U.V. fluorescence). It was crystallized 
from ethyl acetate-ether, rn.p.78 and labelled as CWIII. 
CWI-ft-Sitosterol 
CV/I analysed for C29H500' m,p* 13"7""8°» 9av- Positive Liebermann 
Burchard test. Rf = 0.37 (CHC13: C6H6, 1:1). 
IR V 5??1 cm"1: 3340, 1655, 1460, 1370, 1055 and 840. 
IH3X • 
1HNMR(C0C13, £ - s c a l e ) v a l u e s : 0 .68 , 0 .80 , 0 . 8 5 , 0 .87 , 0 . 9 5 , 1 .01 , 
U 1 8 , 1.56, 3.52 and 5 .32 . 
MS data (only s i g n i f i c a n t f ragments ) : 414(24^)M+, 399(9&')M-15t 396 
(12#)M-18, 38l(5;i)M-18-15, 357(l^)M-57, 273(11^)Jv'-side c h a i n , 255 
(15#)M-18-Side cha in . 
CWII 
CvVII (M+ 508), m.p068°, gave positive 2:4 DNP test. Rf = 0.62 
(benzene:ethyl acetate, 5:1). 
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XR~\) K B r cm"1: 2920, 2860, 1710, 1700, 1470, 1460, 1310, 1285, 
IU3X • 
930, 910, 720, 710 and 6660c 
1HNMR values(CDCl3, g -scale): 0.88, 1.24, 2.16 and 2.36. 
MS data: m/z 508(1%), 494(1%), 480(2%), 466(2%),,,. 452(2.4%), 438 
(2%), 424(2%), 410(4%), 396(6%), 382(16%), 368(100%), 354(32%), 
340(98%), 326(14%), 312(10%), 298(22%), 284(10%), 270(12%), 256 
(10%), 242(20%) and 228(10%), 
CWIII (wampetin - a new furanocoumarin) 
CWIII, named wampetin, m0p.78°, Rf = 0o46 (C6H6: HtOAc, 3:1 ), 
analysed for C91H18°6 0V'1 366) gave red color with cone. PUSQ., 
intense yellow color with hot alcoholic NaOH and dark organe color 
with Dragon Dorff's reagent. It exhibited yellow fluorescence in 
U.V. light. 
IR \) *ZI cm~ • 2920» 1755» 1?1°» 1615» 1590, 1440, 1400, 1325, K B r cm"1 max. 
1290, 1210, 1180, 1150 and 1025. 
1HNMR(CDC13, 200 MHz, £ -scale): 7,71(1F., d, H-2'), 6.83(1H, d, 
K-3'), 6.35(1H, d, H-3), 7.79(1H, d, H-A), 7039(1H, s, H-5), 5.09 
(2H, d, H-1"), 5,72(1H, tm, K-2"), 1.79(3H, brs, H-4"), 2.36(2H, 
m, H-5"), 4.92(1H, tm, H-6"), 6.93(1H, dq, H-7") and 1.88(3H, t, 
H-9"). 
5j 
13CNMR (CDC1 , 50 A-iHz, OFR) 
Singlets: 173.82 (C-10"), 160.37 (C-2), 148.65 (C-8a), 148.26 
(C-7), 137.02 (C-3"), 131.45 (C-8), 130.18 (C-8M), 
125.95 (C-6), 116.58 (C-4a).' 
Doublets: 146.70 (C-2*), 144.32 (C-4,7"), 123.94 (C-2"), 114.76 
(C-3), 113.54 (C-5), 106.83 (C-31), 79.54 (C-6M). 
Triplets: 69.64 (C-1"), 43.37 (C-5"). 
Quartets: 17.24 (C-9"), 10.58 (C-4"). 
JvvS (recorded at JEOL j;AS-0ISG-2 at 75 eV): m/z 366(3.2%), 269 
(0,2%), 202(100%), 201(7.5%), 174(10%), 173(3.3%), 165(1%), 147 
(3.2%), 146(2.1%), 145(4.2%), 119(1%), 118(1%), 117(1%), 97(17%), 
89(5.5%), 69(4.2%), 63(3.2%), 41(7.3%), 39(2.6%), 18(8.4%). 
Hydrolysis of Wampetin 
vVampetin (30 mg) was dissolved in acetic acid (1 ml) to 
which 2 drops of cone. H2$04 were added. The reaction mixture was 
heated for 30 minutes, cooled, diluted with ice water ethyl acetate 
layer was washed with water, dried over anhydrous Na^SC^ and the 
solvent removed to afford a crude product (20 mg). On purification 
with preparative layer chromatography on silica gel, it yielded 
xanthotoxol (6 mg). 
56 
Xanthotoxol, m.p.240-43° (uncorrected), responded to 
alcoholic FeCl3 test. 
IR \) £ B r cm-1: 3400(-OH), 1730, 1700(coumarin carbonyl). 
B I B L I O G R A P H Y 
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INTRODUCTION 
1. Constituents of Fitzroya 
The family Cupressaceae comprises 18 genera' and is well 
known for its flavanoidic constituents. The genera are widely 
distributed in the Mediterranean region, tropical Asia and North 
America. Fitzroya is a native of Chile and Argentina from the 
coast range South of Valdivia, and on the Chiloe island, to the 
Andes. For the present work, the leaves of Fitzroya Pataqonica 
were procured from Sims Park, Coonoor, India. 
2 
Gadek and Quinn detected the presence of amentoflavone 
(I), cupressuflavone (II), 4" -monomethylamentoflavone (III) and 
7,7n-dimethylcupressuflavone (IV) from Fitzroya cupressoides. Their 
results are based on the comparison of R^  values, U.V. fluorescence 
and U.V. spectra. Hinokiflavone (V) was detected only through its 
per methyl ether (R^  values and U»V. fluorescence). Ahmad, I. 
reported the presence of amentoflavone (I) cupressuflavone (II), 
rubustaflavone (VI) and hinokiflavone (V) and detected a .monomethyl-
amentoflavone and apigenin (VTl) on TLC only, from Fitzrova 
Pataqonica. 
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HC 
)H 
( I ) R = H 
( I I I ) R = Me 
( I I ) R = R1 = H 
(IV) R = R1 = Me 
HO. o ^ / / V 
HO 
u 
'S 0 \ _ / / V 
-OH 
)H 
CH 0 
(V) 
HO ^^f^V0H 
OH 0 
(vr) 
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2. Natural Distribution of Biflavanoids 
Flavanoids belong to an important group of naturally 
occurring,constituents in which two benzene rings are linked 
through a-propane bridge (C6-C-C-C-C6) except in isoflavones 
where the arrangement is (C6-C-C-C) e.g. chalcone (VIII), 
flavone (IX), isoflavone (X), flavanol (XI), flavanone (XII), 
isoflavanone (XIII), flavanonol (XIV) and aurone (XV). 
OQ—O 
(XIII) (XIV) (XV) 
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Gabor has reviewed the recent trends in researches on 
pharmacodynamic effects of flavanoids and claims have been made 
that flavanoids might be effective in combating certain types of 
cancer . The potent uses of flavanoids may be listed as - heart 
stimulants , contraceptive , antibiotic , coronary vascodilators 
10 11 12 
spasmolytic and antihelmitic , oestrogenic , antiviral , anti-
13 14 15 
convulsant , antitumor , bronchodilator, antioxidants and 
16a inhibitors of blood cell aggregation . 
Biflavanoids are recognized by having two flavanoid 
units. They have mostly, been isolated from Gymnosperms. Among 
17 
angiosperms some plants belonging to Guttifereae , Euphorbiaceae 
19 20 21 22 
Caprifoliaceae , Ochnaceae , Casuarinaceae , Rhamnaceae , 
23 24 
Anacardiaceae and some ferns belonging to Selaginallaceae and 
25 Psilotales have been found to contain biflavanoids. 
(i) Classification of Biflavanoids 
Biflavanoids, dimers of monoflavanoids may be classi-
fied into three categories. 
(A) Biaryl type 
(B) Garcinia and Taiwania biflavanoids 
(C) Biaryl ether type 
The formation of all types of naturally occurring 
biflavanoids may be explained in terms of oxidative coupling 
of two chalcone units in enzymatic process. 
6? 
(A) BIARYL TYPE OF BIFLAVANOIDS 
In this category of biflavanoids, two monoflavanoid units 
are linked through aromatic rings. 
The amentoflavone group; This group is represented by ^ ~I-3 *,H-8J7 
linked biflavones (I, III, XVI-XXX) flavanone-flavone (XXXI-XXXIIl), 
biflavanones (XXXIV, XXXV) and biluteolin (XXXVI). 
OR3 0 
( I ) 
(XVI) 
(XVII) 
(XVIII) 
(III) 
(XIX) 
(XX) 
(XXI) 
(XXII) 
27— OQ 
Amentoflavone 
Sequoiaflavone30"32 
Bilobetin32'33 
Sotetsuflavone34a'35 
Podocarpusflavone-A 
Ginkgetin31'32'37 
Isoginkgetin31""33'36 
Pddocarpusflavone-B° 
1-4 •, II-7-Di-O-methyl-
amentoflavone 
R1 
H 
'Me 
H 
H 
H 
Me 
H 
Me 
H 
"2 
H 
H 
H 
Me 
H 
H 
H 
H 
Me 
R3 
H 
H 
H 
H 
H 
H 
H 
H 
H 
.
R4 
H 
H 
Me 
H 
H 
Me 
Me 
H 
Me 
\ 
H 
H 
H. 
H 
Me 
H 
Me 
Me 
H 
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(XXIII) 
(XXIV) . 
(XXV) 
(XXVI) 
(XXVII) 
(XXVIII) 
(XXIX) 
1-7, I I -7-Di-O-methyl -
araentoflavone 
39 Heveaflavone 
38,40 
Kayaflavone" 
Sc iadop i tys in 31-33,36,37 
L - 4 , , I - 7 , I I - 7 - T r i - 0 -
methylamentoflavone 
1-4•
 f n _ 4 • 11.7, H - 7 - T e t r a -
41—4*3 
O-methylamentoflavone 
Hexa-O-methylamentoflavone 
44 
l1 ^ ^ R 4 «5 
Me 
Me 
H 
Me 
Me 
Me 
Me 
H 
H 
H 
H 
H 
H 
H 
H 
Me 
H 
Me 
Me 
Me 
Me Me H Me H 
Me Me H Me Me 
Me Me Me Me Me 
MeO 
OH ' 0 
(XXX) I-4,,II-4,,I-5,II-5,II-7-Pentahydroxy-I-7-0-methyl. 
I-6-C-methyl £ 1-3 »,II-8j7biflavone45 
R ,0Y^°>C^R3 
OH 0 
°K? •OR, 
(XXXI) 2 ,3 -Dihydroamentof lavone 4 6 ' 4 7 
(XXXII) I I - 4 ' , I I - 7 - D i - 0 - m e t h y l - 2 , 3 -
46 47 dihydroamentoflavone ' 
(XXXIII) L-4 • , 1 1 - 4 • , I - 7 - T r i - O - m e t h y l -
46.47 2,3-dihydroamentoflavone ' 
R. ft. 
H 
Me H 
R, 
H H 
H Me H 
Me 
« * ^ V 0 y / \_Ofcie 
OH 0 
OMe 
OH 0 
(XXXIV) 1 -7 ,1 -4 ' , 11-4 ' - T r i - O - r o e t h y l - I - 5 , 1 1 - 5 , 11-3 '-
Trihydroxy ^"1-3 ' , I I - 8 j 7 b i f l a v a n o n e 2 3 
(XXXV) 1 . 7 , 1 - 4 » , I I - 4 • , I I - 3 ' -Te t ra -O-methy l -
I - 5 , I I - 5 - d i h y d r o x y / " 1 - 3 ' , 1 1 - 8 7 
23 ~ 
bif lavanone 
R 
H 
Me 
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OH 
Oy/'yoH' 
OH 0 
(XXXVI) Biluteolin48 
The agathisflavone group; These are ^ ""I-6,II-8_7 linked biflava-
noids comprising biflavones (XXXVII-XLI) flavanonylflavone-
rhusflavone (XLII) and biflavanone-rhusflavanone (XLIII). 
OH O 
(XXXVII) A g a t h i s f l a v o n e 3 4 3 ' 4 9 
(XXXVIII) I -7 -O-me thy laga th i s f l avone 4 3 » 5 0 
(XXXIX) 1-7, I I -7 -Di -O-methylaga th i s f l avone ' 
(XL) 1 -7 ,11 -4 -Di -O-methy laga th i s f l avone 4 3 ' 5 1 
(XLI) 1-7,11-7, I I - 4 • -Tr i -O-methyl-
34b 
aga th i s f lavone 
.50 
R1 
H 
Me 
Me 
Me 
Me 
"2 
H 
H 
Me 
H 
Me 
R 3 
H 
H 
H 
Me 
Me 
OH 0 
(XLII) Rhusflavone5 2a 
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OH 0 
(XLIII) Rhusflavanone52b 
The cupressuflavone group : This group comprises £" I-8,II-8_7 
linked biflavones (II, IV, XLIV-XLVIII), flavanone-flavone (XLIX) 
and biflavanone (L). 
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R, R, 
( I I ) 
(XLIV) 
(XLV) 
(IV) 
(XLVI) 
53 Cupressuflavone 
I_4»_0-methylcupressuflavone 
49 50 I-7-O-methylcupressuflavone ' 
54 
1-7,II-7-Di-O-methylcupressu-
flavone49'55 
1-4 yn-4», I-7/II-7-Di-0-
methylcupressuflavone 
1-4 •/11-4 ' , 1-7, I I - 7 - T r i - O -
38 
methylcupressuflavone 
(XLVII) 
(XLVIII) Tetra-O-methylcupressuf lavone 55 
or 
or 
H 
H 
Me 
Me 
Me 
H 
H 
Me 
Me 
Me 
H 
H 
H 
Me 
H 
Me 
Me 
Me 
Me 
Me 
H 
Me 
H 
H 
Me 
Me 
H 
Me 
H 
Me 
H 
H 
H 
H 
H 
H 
Me 
H 
Me 
Me 
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OH O 
(XLIX) Mesuaferrone-B52d 
)H 0 
(L) Mesuaferrone-A 
The robustaflavone group: This group is represented by robusta-
flavone56 (VI), a /~I-3', II-6_7 linked biflavone and its methyl 
ethers which are not completely characterized. 
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The Succedanea flavanoid group: A ^ ""I-6,II-6_7 linked biflavanone, 
succedaneaflavanone (Li) is the only member of this group isola-
ted so far. 
(LI) 
(B) GARCINIA AND TAIWAN1A 3IFLAVANOIDS 
Garcinia biflavanoids: First isolated from Garcinia morella 57 
this group comprises ^ ""I-3,II-8_7 linked flavanonyl-flavones 
(Lily LIV, LV), biflavanones (LVII-LXI), flavanone-chromone 
(LXIV) and biflavanoid glycosides (LIII, LVI, LXII). 
OH O 
(LII) 
(LIII) 
(LIV) 
(LV) 
(LVI) 
Volkensiflavone17'58'59 
(=BGH-III=talbotafa.avone) 
Spicataside 
Fukugetin17'57'61 
(=BGH-II=n)orelloflavone) 
II-3 '-O-methyl fukugetin61 
Fukugiside 
R1 
H 
/3-D-gluc. 
H 
H 
/3-D-gluc. 
«2 
H 
H 
OH 
OMe 
OH 
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(LVII) 
(LVIII) 
CLIX) 
(LX) 
(LXI) 
(LXII) 
M 
OH 
GB-Ia63 
GB-I63 
GB-2a63 
GB-263 
0 
R20. 
// \\ 
1 
OH 
II-4 '-O-methylr-GB-264 
(Kolaflavone) 
Xanthochymusside 60 
>-OH 
0 
R i 
H 
OH 
H 
OH 
OH 
OH 
•0H4 
R2 
H 
H 
H 
H 
H 
/3-D-glu. 
R3 
H 
H 
OH 
OH 
OH 
OH 
R4 
H 
H 
H 
H 
Me 
H 
(LXIII) 1-4 *,1-5,11-5,1-7,II-7-Pentahydroxyf1avanone 
/~I-3,II-8_7chroraone 65 
n 
Tgiwania b i f l avano ids : These are / " I - 3 ' , I I - 3 _ 7 l inked b i f l a v o n e s 
(LXIV-LXVl). Taiwaniaflavone (LXIV) was f i r s t syn thes ized by 
Molyneux and co-wcrkers 
was repor ted seven years l a t e r ^ 
i n 1970 and i t s occurrence i n n a t u r e 
66b 
(LXIV) 
(LXV) 
(LXV1) 
Taiwaniaflavone 66b 
66b I-7-O-methyltaiwaniaflavone 
or 
II-7-O-methyltaiwaniaflavone 
II-4', I-7-Di-O-methyltaiwania-
66b flavone 
or 
I I - 4 ' , I I -7-Di-O-methyl ta iwania-
flavone 
R, 
H 
H 
R2 R3 
H 
Me H 
H 
Me H H 
H Me H 
Me 
Me Me 
? ; , ^ ' w ^ ; ; 
T2733 
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(C) BIARYL ETHER TYPE OF BIFLAVANOIDS 
The hinokiflavone groupt These biflavanoids have £~I-4'-C-II-6__7 
diaryl ether link. Several biflavones (V, LXVII-LXXIII) of this 
group and one flavanonyl-flavone (LXXIV) occur in nature. 
FL R. R, R. Rc 
(V) 
(LXVII) 
(LXVIII) 
(LXIX) 
(LXX) 
(LXXI) 
(LXXII) 
(LXXIII) 
67 Hinokiflavone 
Neocryptomerin 
Isocryptomerin a* 
Cryptomerin-A 
Chamaocyparin 
69a 
70 
1-7,11-4 •-Di-O-methyl-
h i n o k i f l a v o n e 6 9 b 
Cryptomer in-B 6 9 a 
I - 7 , I I - 7 , I I - 4 , - T r i - G -
methylhinokif lavone 
H 
H 
H 
H 
H 
-H 
Me 
H 
H 
Me 
H 
H 
H 
H 
H 
H 
H 
Me 
H 
k\& 
H 
H 
H 
Me 
H 
H Me H H Me 
H H H Me Me 
H Me H Me Me 
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(LXXIV) I -2 ,3-Dihydrohinoki f lavone 47b 
The ochnaflavone group; Members of this group are ^ "1-3 '-0-II-4 XJ 
linked diaryl ethers and constitute the first example of naturally 
occurring biflavanoids in which neither of the A rings is involved 
in the interflavonyl link. Only three compounds (LXXV-LXXVII) with 
this type of linkage have been isolated so far' 20 
8a 
(LXXV) Ochnaflavone20 (=OSI) 
(LXXVI) L-4 '-O-methylochnaflavone 
(=OSIl) 
(LXXVII) I-7,I-4,-Di-0-methylochna-
flavone20 (=OSIIl) 
or 
1-4 *, I I-7-Di-O-methyl ochna-
flavone20 (aOSIIl) 
R1 f^ R3 R> *5 
H H H H H 
H H Me H H 
H Me Me H H 
H H Me H Me 
(ii) Biogenesis of biflavanoids 
Interest in the biogenesis of flavanoids was first 
71 
stimulated by studies on genetic aspects of flower color and 
by chemical speculations about the mode of formation of carbon 
skeleton of this class of comppunds 72 
81 
The beginning of enzymatic studies on flavanoids was 
marked by the discovery of the first enzyme of the phenyl 
propanoid pathway, phenylalanineammonia-Lyase. Further progress 
could be made by the use of plant cell suspension cultures which 
led to the discovery and isolation of a number of enzymes, useful 
for flavanoid biosynthesis. These modes now form the basis of 
enzymology of flavanoid biogenesis , which may be summarized as 
given in Scheme-I. 
The biogenesis of biflavanoids of different types may 
be explained in terms of oxidative coupling of the following two 
chalcone units and subsequent modification of the central C-3 unit. 
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Scheme-1 
COOH 
NH 
COOH 
Phenylalanine 
CoAS^c / 
CoASH 
-3CO„ 
»Biflavanoids 
OH 0 
Naringenin Apigenin 
(1) Phenyl alanine-ammonia Lyase; (2) Cinnamic acid 4-hydroxylase; 
(3) Chalcone-flavanone synthesase;(4) Chalcone-flavonone isomerase; 
and (5) Chalcone-flavanone oxidase. 
83 
3. Structure Determination of Biflavanoids 
Apart from the color reactions, degradation and 
synthesis, the physical methods generally employed in the 
identification and structural studies of biflavonoids are 
, U.V. 
,89-91 
7"3 7A. 7^  1f\ 
chromatography , U.V. , I.R. , N.M.R. spectroscopy and 
mass spectrometry 
(i) Proton Magnetic Resonance Spectroscopy (HNMR) 
1 if\ 
On the basis of HNMR studies of silyl derivatives , 
43a 77 
double irradiation technique , solvent induced shift studies , 
78 79 
lanthanide induced shift studies , nuclear overhauser effect 
13 80 
and CNMR spectroscopy , it has been made possible to elucidate 
the structure of flavanoids. 
H
°v^X^O 
The chemical shifts of the protons of rings A and B 
appear independent of each other but are, no doubt, affected by 
the nature of ring C. 
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The peaks arising from ring A, in most flavanoids, appear 
upfield from the other peaks and are easily recognised. The remain-
ing peaks in the aromatic region tell the pattern of oxygen substi-
tution of ring B and also afford the nature of ring C. The process 
of establishing sequence of groups in molecules, even on high resolu-
tion HNMR, frequently fails because it is possible to find a 
descrete multiplet from one group of protons. Spin decoupling often 
helps to overcome this difficulty and with the help of double 
irradiation technique it has been made possible to assign each and 
every proton in the biflavanoids. 
The use of preparing silyl derivatives for HNMR studies 
has not only overcome solubility problems but also contributes 
towards the simplification of spectra. 
Some useful informations may also be had by comparison 
of HNMR spectra of biflavanoids with those of corresponding 
monomers. Comparison of spectra of methyl and acetyl derivatives 
of a biflavanoid with those of biflavanoids of the same series as 
well as of other series where one monoflavanoid unit is similarly 
constituted, is very useful in assigning the protons and locating 
the methoxyl groups. 
The interflavanoid linkage is established with the help 
of solvent-induced shift 7 and lanthanide-induced shift studies78. 
8 b' 
In biphenyl type piflavones, such as, amento-, cupressu-
and agathisflavones, the protons of the ring involved in inter-
flavanoid linkage appear at somewhat lower field (S 0,5 ppm) as 
compared to monomers due to extended conjugation. 
In biphenyl and biphenyl ether types, the 5-QfVie of an 
8-linked monoflavanoid unit appears above £ 4.00 ppm in CDC1,, in 
all the cases examined4313, so far (Table-I). It is again due to 
extended conjugation. The 5-methoxy protons of the 8-linked mono-
flavonoid unit of BGH-, WGH- and GB- series do not appear above 
£ 4.00 ppm as the linkage is through heterocyclic ring. 
T K , T43b Table - I 
QMe proton shifts ( £ -scale) of fully methylated biflavanoids, 
Biflavanoids 5-OMe 5M-QMe 
Cupressuflavone ^~I-8,II-8_7 
Amentoflavone ^"1-3 *,11-8.7 
Agathisflavone /"I-6,II-8_7 
I-4'-0-II-8 biflavone 
(Synthetic) 
4.15 
3.87 
3.59 
4.00 
4.15 
4.06 
4.05 
4.08 
86 
Aromatic protons show consistency in cupressu-, amento-, 
agathis- and hinokiflavone series. The protons of ring I-B in 
agathisflavone appear at lower field than the protons of ring 
II-B43b. 
The protons at C-8 in the ring II-A in penta-O-methyl 
^~I-4,-0-II-6_7biflavone (LXXX) and at C-8 in ring I-A in hexa-
O-methyl ^""I-6,II-8_7biflavone (LXXIX) appear at exceptionally 
lowfield, & 7.05 ppm and 6.91 ppm, respectively. This may be 
diagnostic of H-8 of a 6-linked ring in biphenyl and biphenyl 
ether type of biflavones. 
The PMR data of some representative biflavones of 
different groups are given in Tables Ila-IId. 
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Table - H a 
ViR data of amentoflavone hexamethyl ether (XXIX) a. PM  
6' 5 
MeO 
OMe 
(XXIX) 
Assigned p o s i t i o n Chemical s h i f t s of protons (5 - s c a l e ) 
H-6» 
H-2» 
H-2"' ,6" ' 
H-5* 
H-3"' ,5" ' 
H-6" 
H-3,3" 
H-8 
H-6 
CMe-5,5" 
QMe-7,7" 
0Me-4 l ,4 l" 
7. 
7. 
7, 
7, 
6, 
6, 
6 
6, 
6, 
4, 
3, 
3, 
90 
84 
40 
12 
,76 
62 
.58 
.48 
.34 
(d,d; J,,=9 Hz, J2=3 Hz) 
(d, J=3 Hz) 
(d, J=9 Hz) 
(d, J=9 Hz) 
(d, J=9 Hz) 
(s) 
(s), 6.52 (s 
(s) 
(d, J=3 Hz) 
) 
,06-3.92 (s, 3H each) 
,88-3.72 (s, 3H 
.75-3.73 (s, 3H 
each) 
each) 
s = singlet, d = doublet 
spectrum run in CDCl^ at 60 MC; TMS as internal standard. 
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Table - l i b 
PJvlR 
*3 /fV% 
data of cupressuflavone hexamethyl ether (LXXVIII) 
OMe 
MeO 
MeO 
OMe 
OMe 0 
(LXXVIII) 
Assigned positions Chemical shifts of protons (S -scale) 
H-2,,6,,2"' ,6"' 
H-3,,5,,3"'",5"1 
H-6,6",3,3" 
OMe-5,5" 
OMe-7,7" 
OMe-4,,4n' 
7:30 (d, J=9 Hz) 
6.77 (d, J=9 Hz) 
6.57-6.59 (s, 2H each) 
4*12 (s, 6H) 
3.86 (s, 6H) 
3.77 (s, 6H) 
s= singlet, d= doublet, spectrum run in CDC1-, at 60 MC, TMS as 
internal standard. 
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Table - H e 
PMR data of aga th i s f l avone hexamethyl e t h e r ( L X X I X ) 3 4 b , 4 3 b . 
8 6 ' 5 ' 
7 v £ 
I o l 2 ' 3 
0Me 
OM© 0 
(LXXIX) 
Assigned p o s i t i o n Chemical s h i f t of pro tons ( 5 - s c a l e ) 
H-2',61 
H-21" ,6"' 
H-8 
H-3"' ,5"' 
H-3,3M 
0Me-5w 
OMe-7,7" 
GMe-4',4"' 
OMe-5 
7.88 (d, J=9 Hz) 
7.37 (d, J=9 Hz) 
7.01 (d, J=9 Hz) 
6.91 (s) 
6.78 (d, J=9 Hz) 
6.53-6.51 (s, 1H each) 
4.05 (s, 3H) 
3.88-3.86 (s, 3H each) 
3.78-3.76 (s, 3H each) 
3.59 (s, 3H) 
S= singlet, d= doublet, spectrum run in CDC13 at 60 MC, TMS as 
internal standard. 
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Table - l i d 
PMR data for hinokiflavone pentamethyl ether (LXXX) 86 
8 
OMe 
3 2' 3 i , i 
OMe 0 
(LXXX) 
Assigned position Chemical shifts of protons (S -scale) 
H-2',6' 
H-2M1 ,6"' 
H-8" 
H-3',51 
H-3"' ,5"' 
H-3,3" 
H-8 
H-6 
OMe-S^",?,?",^' 
7.88 (d, J=9 Hz) 
7.80 (d, J=9 Hz) 
7.05 (s) 
7.02 (d, J=£ Hz) 
6.94 (d, J=9 Hz) 
6.62-6.59 (s, 1H each) 
6.55 (d, J=£ Hz) 
6.37 (d, J=2 Hz) 
3.91-3.94 
s= s ing le t , d= doublet, spectrum run in CDC13 at 100 MHz, TMS as 
in t e rna l standard. 
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(ii) Solvent Induced Shift 77 
81 
Williams and co-workers observed that the methoxy 
groups at C-5, C-7, C-2' and C-4' exhibit large positive ^ values 
( ^ = £CDC13-'&C6H6 r^_ 0.5-0,8) in the absence'of methoxyls or 
hydroxyls ortho to these groups i..e. they move upfield in benzene 
relative to CDC13. 
The methoxy groups have ability to conjugate with the 
electron pulling carbonyl group thereby decreasing 71 -electron 
density on the oxygen atoms. This results in association of 
benzene at these electron deficient sites and as a consequence, 
increases the shielding effect. The C-3 methoxyl, in contrast, 
show deshielding or only slight shielding (A = -0.07 to +0.34 ppm) 
in benzene, suggesting that the C-3 methoxy group, in general, 
prefers the conformation LXXXI. 
Similarly, a C-5 methoxy group, in presence of 6-substi-
tuent, shows small positive or negative solvent shift in benzene 
presumably due to a higher population of.the conformer LXXXII. 
(LXXXI) 
MeO 
OMe 
(LXXXIII) 
MeO^^TX^O 
OMe 
)Me d 
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In hexa-O-methylamentoflavone (XXIX), hexa-O-methyl-
cupressuflavone (LXXVIII) and ^ "I-4'-0-H-8_7linked hinokiflavone 
methyl ether (LXXXIII), all the methoxy groups move upfield 
(50-60 cps) on change of solvent from CDCl^ to C^H^ indicating 
that every methoxy group has at least one ortho proton and there-
fore a C-8 rather than C-6 linkage is established. In agathis-
flavone methyl ether (LXXIX) only five of the six methoxy groups 
show large upfield shifts. One of the methoxy groups was unique 
in that upto 50& dilution with benzene no shift was observed and 
then a strong downfield shift was evidenced. It is reasonable to 
assume that the methoxy group in question was the one at C-5 
flanked by ring-A (II-A) of the second flavone unit and carbonyl 
group. Similarly, in hinokiflavone methyl ether (LXXX) only four 
methoxy groups move upfield and C-5 methoxy group shows downfield 
shift. The benzene induced solvent shifts are appreciably enhanced 
by the addition of small quantity {3%, v/v) of trifluoroacetic acid 
(TFA). This helps to distinguish between methoxy groups which can 
conjugate with the carbonyl group and those which cannot conjugate 
in ground state. 
••'V T\ r* + 
Me—O—C=*C-^-C=sO « > M e — 0 = C — C = C — O 
* • 
The TFA induced solvent shift of 5-methoxy group has a 
relatively large negative value(-0.36 to -0.44)which distinguishes 
93 
i t from other raethoxy groups. I t i s due to hydrogen bonding 
between protonated carbonyl group and oxygen atom of 5-methoxy 
group. The protonation of carbonyl group (LXXXIV) i s more in 
TFA than in benzene containing 3% TFA. 
(LXXXIV) 
(iii) Lanthanide Induced Shift78 
In the recent past lanthanide shift reagents have 
82 
extensively been employed for the structural and conforma-r 
tional studies of organic natural products. The introduction 
of these reagents has greatly enhanced the importance of HNMR 
spectroscopy. 
The addition of certain lanthanide complexes (shift 
reagents) to a solution of compounds having appropriate lone pair 
of electrons causes the proton resonances to spread out, the 
effect being greatest at the protons nearest to the site of coordi-
.nation. The shift reagent co-ordinates with the electro-negative 
atom in the substrate and thus modifies the magnetic field 
experienced by the neighbouring protons, thereby simplifying the 
94 
spectra. Since the strength of this field varies with the distance 
from the paramagnetic source, the chemical shift of each proton is 
modified to a different extent. Coupling constants appear virtually 
go 
unaffected . The. most commonly used shift reagent for the structu-
ral elucidation of biflavones is tris-1,1,1,2,2,3,3-heptafluoro-7,7-
dimethyl-octan-4,6-dionato europium ^ ~Eu(fod)3_7 • Okigawa and 
78 
co-worker have reported the application of lanthanide shift 
reagents for structure elucidation of flavones and biflavones. 
Seven fully methylated biflavones, namely, hexa-O-methyl-
amentoflavone (XXIX), hexa-O-methylcupressuflavone (LXXVIII), hexa-
O-methylagathisflavone (LXXIX), hexa-G-methylrobustaflavone (LXXXV), 
penta-O-methylhinokiflavone (LXXX), hepta-O-methylsaharanflavone 
(LXXXVI) and penta-0-methyl-^~I-4 »-0-II-8_7biapigenin (LXXXIII) have 
been studied using Eu(fod)3 as shift reagent. The £ values are 
recorded in table-III78b. 
9-5 
Table - III 78b 
£ Values of fully methylated biflavones with Eu(fod)3< 
Protons 
MeO-5 
- 5 " 
- 7 
- 7 " 
-4» 
- 4 " 
H-3 
- 3 " 
- 6 
- 6 " 
- 8 
- 8 n 
- 2 ' 
-6» 
- 2 " 
- 6 " 
- 3 ' 
- 5 ' 
- 3 " 
- 5 " 
XXIX 
6.12 
8.78 
0.36 
1.06 
0.12 
-0 .08 
0.02 
-0 .16 
2.76 
4.24 
0.50 
-
0.36 
0 
- 0 . 12 
-
-
0.10 
-0 .08 
-
LXXVII I 
7.34 
-
0.72 
-
-0 o 06 
-
0.18 
-
3o66 
-
-
-
0.56 
-
-
0.24 
-
-
-
' 
LXXIX 
2.14 
11.16 
0.44 
2.04 
0.02 
-0 .08 
0.06 
0.28 
-
5.80 
0.64 
4MB 
0.08 
-
0.52 
-
0.02 
0.06 
-
Compounds 
LXXXV 
10.58 
2.64 
0.74 
0.56 
0.32 
- 0 . 0 6 
0.30 
0.16 
4.84 
-
1.20 
0.50 
1.42 
0.36 
- 0 . 0 8 
-
-
0.52 
- 0 . 0 6 
-
LXXX 
10.02 
4.38 
0.80 
0.58 
-
- 0 . 0 6 
0.36 
- 0 . 0 6 
4.80 
mm 
1.14 
0.74 
0.04 
-
- 0 . 1 4 
-
2.00 
-
- 0 . 0 8 
-
LXXXVI 
5.13 
11.90 
0.46 
2.50 
-0 .50 
0 * 
-
- 0 . 4 4 
2.20 
6.10 
0.50 
-
0.40 
-
0.20 
0.20 
-0 .30 
-
• 
LXXXI I I 
6.88 
6.60 
0.82 
0.52 
— 
- 0 . 1 0 
0.14 
0.26 
3.36 
3.52 
0.72 
-
- 0 . 0 2 
-
0 
-
- 0 . 1 0 
-
0.34*Me 0.18 
0.03 -
*Tentative assignments. 
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The results of the table may be summarized as : 
(a) The smallest £ value for the proton at C-6 in rings I-A or 
II-A is still larger than the largest & value for the proton at 
C-8 in rings I-A or II-A which decides the interflavanoidic linkage> 
through C-6 or C-8 in biflavones. 
(b) £ -value for the protons at C-3 in the rings I-C or II-C are 
so small that these protons are indistinguishable from the protons 
at C-8 in rings I-A or II-A in the same flavone nucleus. 
(c) The smallest values are observed for phenyl protons, although 
H-3 * and H-5' of ring I-B of hinokiflavone-pentamethyl ether (LXXX) 
show a significantly large shift (2.00 ppm) than those of other 
compounds because the phenyl group is attached to C-6 of the second 
flavone nucleus. 
(iv) 13CNMR Spectroscopy 
HNMR spectroscopy involving shifts of the methoxyl 
signals in the spectrum of permethyl ethers, progressive addition 
85 
of C^D^ has been used for establishing interflavanoidic 
linkage43b,86» However, in hepta-O-methylsaharanflavone (LXXXVI), 
one methoxy signal does not shift at all on addition of C^D6, 
supporting a ^ -I-3',II-8_7linkage inspite of the fact that 
^"1-3,11-8^7 linkage was established by synthesis. 
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A technique of wider scope, CNMR, has proved more use-
ful for establishing the interflavonyl linkage in biflavones. The 
assignment of signals in '3CNMR spectra of biflavanoids was 
achieved on the basis of off resonance and proton coupled spectra 
87 
and also by analogy with the values for monomers. This technique 
obviates the necessity of preparing permethyl ethers and, as a 
consequence, helps in location of met'noxy substitution in naturally 
occurring partially methylated biflavanoids. 
Linkage involving ring A 
C-6 and C-8 signals in CNMR spectra of b,7-dihydroxy-
flavones are distinguished on the basis of their multiplicities in 
proton coupled spectra and specific proton decoupling. The reson-
87 
ances for these C-atoms are found between £ 90.0 ppm and 100o0 
ppm. The signal for C-6 is at lower field as compared to C-8 in a 
variety of flavanoids (Table-IV). 
In the CNMR spectrum of cupressuflavone (II) only 
13 resonances are there due to symmetry of the molecule. The 
signal for 1-6 and II-6 carbons appear at & 99,0 ppm where as the 
signal for 1-8 and II-8 carbons shift downfield to S 98.7 ppm due 
to substitution effect of the interflavanoidic linkage. In hexa-
O-methylcupressuflavone (LXXVIII), the signal for 1-8 and II-8 
carbons appears downfield, compared to C-8 carbons of tri-O-methyl-
apigenin (LXXXV1I) at £-101.2 ppm where as 1-6 and II-6 carbons 
are not appreciably shifted. 
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OKe ° 
(LXXXVII) 
The spectrum of agathisflavone (XXXVII) shows eight 
distinct resonances in the region & 93.0 ppm to 104.0 ppm. 1-8 
and II-6 carbon signals appear at expected values £ 93.7 ppm and 
98.9 ppm, while 1-6 and II-8 carbons appear at £ 103.6 ppm and 
99.4 ppm. The downfield shift experienced by latter carbons is 
due to substitution effect of the interflavanoidic linkage. The 
other four signals between £ 102.8 ppm and 104.0 ppm are assigned 
to 1-3, II-3, 1-10 and 11-10 carbon atoms, respectively. 
Linkage involving ring A and B 
The three unsubstituted aromatic "carbons, II-8, 1-6 and 
1-8 of robustaflavone (VI) are assigned the signals at £ 93.9 ppm, 
99.0 ppm and 94.0 ppm, respectively. The signal for II-6 appears 
at £ 103.5 ppm. The spectral interval £.116.0 ppm to 131.0 ppm 
consists of eight resonances of carbon atoms. This pattern is 
almost identical with spectral region of amentoflavone (I) and 
signals are assigned on the basis of shifts experienced for aryl 
99 
substitution at 1-3' carbon off resonance spectrum. 1-6, 1-8 and 
II-6 carbons appear at £ 89.9 ppm, 94.2 ppm and 99.1 ppm, respect-
ively, whereas II-8 carbon signal appears at downfieldC S 104.1 ppm). 
Location of methoxy groups 
The position of methoxy substituent in a biflavanoid is 
determined on the basis of chemical shifts caused by steric crowd-
ing. 
Steric crowding, as in the case of 5,6,7-tri-O-methyl-
flavones is responsible for a downfield shift of methoxy carbons 
by 6.0 ppm, whereas in a 5-hydroxy-6,7-dimethoxy derivative, the 
shift is only of the order of 3.0 ppm. The downfield shift of 
carbon bearing hydroxyl group, on methylation, is also variable. 
However, the upfield shift of the signal for the ortho carbon atom 
to the oxygenated carbon is more reliable, thus enabling an 
88 
indirect determination of the site of O-methylation . 
(v) Mass Spectroscopy of Biflavanoids 
Alongwith U.V., I.R. and N.wl.R. spectrosocpy, mass 
spectrometry has become an indispensable tool for structure 
determination of biflavonoids. 
Flavones with fewer than four hydroxy groups do not 
readily fragment, due to stability of their molecular ion, but 
100 
tend to undergo retro-Diels-Alder decomposition . When heavily 
subst i tu ted with OH or OMe, the spectrum is dominate'd by the mole-
cular ion and ions at M-15, M-28 and M-43. Also the doubly charged 
90 ions are frequently observed . 
» 
91 Natarajan and co-workers have made a specific study 
of mass fragmentation pattern of permethyl ethers of amento-, 
cupressu- and hinokiflavones. In biflavones,molecular ion is 
usually the base peak. They undergo (a) fission of the C-C or 
C-O-C linkage between the aromatic residues (b) elimination of CO 
and CHO from the biphenyl ethers (c) rearrangement involving 
condensation between phenyl rings. Steric factors also play their 
part in the mode of fragmentation and internal condensations. The 
mass spectra of amentoflavonehexamethyl ether (XXIX) and cupressu-
flavonehexamethyl ether (LXXVIII) are similar, molecular ion being 
the-base peak in each case. Difference lies in the intensities of 
corresponding peaks due to variation in substitution pattern and 
steric disposition of one flavone unit relative to the other. 
The main peaks alongwith their intensities are given in 
the Schemes II-IV. 
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MeO 
MeO 
OMe 0 
M+ m/z 6 2 2 ' 
OMe 
CH 
*C / / \> OMe 
++, m/z 245 ( 4 9 0 * 7 2 ) 
- MeO^/^pO 
m/z 310 
+H* 
m/z 311 
Scheme-II: Mass f ragmentat ion p a t t e r n of amentoflavonehexamethyl 
e the r (XXIX)91 . 
MeO OMe 
OMe 0 
m/z 245 (490 + + /2 ) 
JMe 0 
M+ m/z 622 
102 
—1+ 
CH 
m/z 132 
Mi 
0 + 
m/z 135 
+ + +. 
m/z ChU4[J » 6 2 1 m/z^"AU15_7 .607 m/z/~M-46_>7 , 576 
m, i/z /~M-30_7 , 592 
Scheme-Ill: Mass fragmentation pattern of cupressuflavonehexa-
methyl ether (LXXVIII)91: 
MeO 
OMe 0 
x m/z 297 
MeO OMe 
+2H 
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-> m/z 313 
OMe 0 
m/z 311 
Route I 
MeO 
°nO° 
'Me 0 M+, m/z 608 
(LXXX) 
Me 
•m/z B5 
Route I I 
OMe 
"sOv^^NsO 
/ \ \ MeCixTS^ O W / \ Me 
OMe ° 
m/z 327 
J * " 
7z 181 
Scheme IV: Mass fragmentat ion p a t t e r n of h inok i f l avonepen tamethy le the r 
(LXXX)91. 
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The mode of fragmentation of hinokiflavonepentamethyl 
ether (LXXX) is considerably different from amento-, cupressu- and 
agathisflavonehexamethyl ethers. The base peak appears at m/z 313 
and molecular ion (m/z 608) is 39% of base peak. It may be' due to 
easy rupture of biphenyl bridge; hydrogen transfer then leads to 
m/z 313 fragment. 
The fission of ether bridge may occur in two ways. Route-
I affords the ions at m/z 297 and m/z 311 while route-II leads to 
the ion at m/z 281 and m/z 327. The observation that the m/z 313 
ion peak is most intense, suggests route-I i.e. the bond between 
the oxygen bridge and highly oxygenated phenyl ring breaks prefer-
ably. 
D I S C U S S I O N 
DISCUSSION 
Biflavones from the leaves of Fitzroya patagonica 
'The leaves of Fitzroya Patagonica were procured from 
Sims Park, Coonoor, India. 
Earlier work on the biflavones constituents of 
3 
F. patagonica is based on TLC only. 
In the present work, isolation and characterization of 
biflavones from the phenolic extractives of dried leaves has been 
discussed. The following biflavones were isolated: 
(a) Amentoflavone (I) 
(b) Cupressuflavone (II) 
(c) Robustaflavone (VI) 
(d) Hinokiflavone (V) 
(e) Podocarpusflavone-A (III) 
(f) Isocryptomerin (LXVIII) 
The isolation and characterization of II-7-O-raethyl 
hinokiflavone (isocryptomerin) for the first time from genus 
Fitzroya is of chemotaxonomic significance and shows chemical 
affinity of Cupressaceae with other conifers. 
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The phenolic extractives of dried leaves of Fitzroya 
patagonica on solvent fractionation followed by column chromato-
graphy and preparative TLC yielded three fractions which appeared 
homogeneous on TLC (Benzene:Pyridine:Formic acid, 36:9:5). These 
fractions were labelled as FPI18, FPU 3 4 and FPIII in order of" 
92 increasing FU values. They responded positive to color reactions 
confirming flavanoidic nature. 
FPI 
Chromatographically homogeneous fraction FPI on methyla-
tion gave three permethyl ethers FPIMI, FPIMII and FPIMIII. The 
permethyl ethers were separated by preparative layer chromato-
graphy and characterized as amentoflavonehexamethyl ether (XXIX), 
cupressuflavonehexamethyl ether (LXXVIII) and robustaflavonehexa-
methyl ether (LXXXV), respectively, by comparison with authentic 
samples (m.p., Rf values, Co-TLC). 
I^SII^SI-Stll-S^-Tyll-T-Hexa-O-methyl^-I-aSIL-e^biflavone 
(FPIMI) 
FPIMI, m.p.210-13°, was characterized as amentoflavone-
hexamethyl ether by comparison with authentic sample. Its charac-
teristics matched in all respect with the amentoflavonehexamethyl 
ether (XXIX) reported earlier3. 
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MeO 
OMe 
OMe 
(XXIX) 
1-4 •, I I -4» f 1 -5 ,11-5 ,1-7 , II-7-Hexa-0-raethyl<f 1-8, I I -8_7b i f lavone 
(FPIMII) 
FPIMII, m.p.296-97 , was characterized as cupressu-
flavonehexamethyl ether (LXXVIII) by comparison with authentic 
sample. Its characteristics matched in all respect with the 
3 
cupressuflavonehexaraethyl ether reported earlier . 
QMe O 
M e O ^ S ^ ^ o 
)Me 0 
OMe 
/ \N 
•OMe 
(LXXVIII) 
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1-4 •, II-4», 1-5, II-5,1-7, II-7-Hexa-0-methyl^~I-3 •, II-6_7bif lavone 
(FPIMIII) 
FPIMIII, m. p. 306-08 , was characterized as robusta-
flavonehexamethyl ether (LXXXV) by comparison with authentic 
sample. Its characteristics matched in all respect with the 
3 
robustaflavonehexamethyl ether reported earlier . 
MeO 
(LXXXV) 
Thus FPI i s a mixture of amentoflavone ( I ) , cupressu-
f lavone ( I I ) and robus ta f lavone (VI) . 
o^/7 V 
(VI) H 
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FPU 
Complete methylation of chromatographically homogeneous 
fraction FPU yielded a mixture of two methyl ethers. These 
permethyl ethers were sepaiated by PLC and labelled as FPIIMI and 
FPIIMII. FPIIMI was characterized as hinokiflavonepentamethyl 
ether (LXXX) by comparison with authentic sample {m.p,, Cc— TLC and 
PMR studies). FPIIMII was characterized as amentoflavonehexamethyl 
ether (XXIX) by chromatographic comparison with authentic sample. 
Thus FPU was found to be a mixture of hinokiflavone and a mono-
methyl ether of amentoflavone. The position of methoxy group could 
i 
be ascertained through HNMR studies of its acetate. 
1-5,11-5,1-1,11-7, II-4 '-Penta-0-methyl/~ 1-4 '-0-.II-6_7biflavone 
(FPIIMI) 
FPIIMI, m.p.259-62°, was characterized as hinokiflavone-
pentamethyl ether by comparison with authentic sample. Its charac-
teristics matched in all respect with the hinokiflavonepentamethyl 
ether (LXXX) reported earlier3. 
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R Q v ^ N ^ O 
OR O 
OR 0 
(V) R = H 
(UXX) R = Me 
Therefore the first component of FPU is hinokiflavone (V.) 
1-4 •, II-4 ', 1-5, II-5,1-7, II-7-Hexa-0-methyl^ "I-3 *, II-8_7biflavone 
(FPIIMII) 
FPIIMII was identified as amentoflavonehexamethyl ether. 
(XXIX) by comparison with authentic sample. 
Therefore, the second component of F^ II was a monomethyl 
ether of amentof lavone which was characterized as 11-4 '-O-methyl-
amentoflavone (III) by 1HNMR studies of its acetate (FPIIA). 
Hi 
1-4', 1-5, II-5,1-7, II-7-Pentaacetoxy-II-4 '-Omethyl/"I-3 •, H-8J 
biflavone (FPIIA) 
FPIIA, m.p.255-56°, was characterized as 1-4',1-5,II-5, 
I-7,II-7-pentaacetoxy-II-4»-CMnethylamentoflavone (III) by 1HNMR 
studies (fig. 1). 
The HNMR data of FPIIA and podocarpusflavone-A penta-
acetate (LXXXVIII) are given in the Table-V. 
OR O 
(III) H = H, R1 = Me 
(LXXXVIII) R = OAc, R' = Me 
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Table - V 
Chemical shifts of protons of FPIIA and padocarpuslavone-A 
pentaacetate ( £ -scale, CDC1-, 100 MHz). 
FPIIA Podocarpusflavone-A Assignments 
pentaacetate(LXXXVIII) 
7.25 (1H, d, 3 Hz) 
6.84 (1H, d, 2 Hz) 
6.98 (1H, s) 
7.40 (1H, d, 9 Hz) 
7.99-8.03 (2H, m) 
7.49 (2H, d, 9 Hz) 
6.78 (2H, d, 8.7 Hz) 
6.60, 6.68 (1H each 
2.05(3.76) (3H each 
2.44, 2.48 (3H each 
2.08, 2.31 (3H each 
s) 
s) 
s) 
s) 
7.25 (1H, d, 3 Hz) 
6.85 (1H, d, 3 Hz) 
7.00 (1H, s) 
7.51 (1H, d, 9 Hz) 
8.00-8.05 (2H, m) 
7.42 (2H, d, 9 Hz) 
6.79 (2H, d, 9 Hz) 
6.59, 6.60 (1H each 
2.J0(3.75) (3H each 
2.44, 2.49 (3H each 
2.06, 2.32 (3H each 
s) 
s) . 
s) 
s) 
H-I-8 
H-I-6 
H-II-6 
H-I-5' 
H-I-2,,6« 
H-II-2',6' 
H-U-3t,^t 
H-1-3,11-3 
.X-4',11-4' 
1-5,11-5 
1-7,11-7 
Value in parenthesis shows methoxyl protons. The underlined 
values show acetoxy protons. 
The possibility of methoxy group at 1-5 or 11-5 position 
is ruled out as in the parent compound itself there are two hydrogen 
bonded hydroxyl groups at the expected value ( <^-8). 
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The ^v " „ appeared at 275 mu (Band I) and 335 mu /\ max. 
(Band II). Addition of sodium ethoxide caused a bathochromic shift 
of Band I and a little hypsochromic shift of Band II, indicating 
that no methoxyl group is present at 1-7 and II-7. Thus the only 
positions left for methoxy group are 1-4' and II-4'. As B2 protons 
of A2B2 pattern of ring B are found invariant in FPIIA and in 
amentoflavonehexamethyl ether (XXIX, Table-IIa), the methoxyl group 
is assigned to II-41 position. 
Further proof of the structure of the second component 
of FPU comes from the identical HNMR values of its acetate and 
1HNMR values of podocarpuflavone-A pentaacetate (Table-V). 
It was therefore assigned the structure 1-4 ',1-5,11-5, 
I-7,II-7-pentahydroxy-II-4,-0-methyl^"I-3,,II-8_7biflavone (III). 
FPIII 
The fraction FPIII on methylation afforded hinokiflavone-
pentamethyl ether (FPIIIM) and was characterized .as 1-5,11-5,1-7, 
H_4 ,-tetrahydroxy-II-7-0.methyl/~I-4 '-0-II-6Jrbif lavone (LXVIII) 
by 1HNMR studies of its permethyl ether (FPIIIM) and acetate 
(FPIIIA) (fig. 2). 
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The results of 1HNMR spectra of FPIIIM and FPIIIA are 
given in Table VI and VII, respectively. 
Table - VI 
Chemical shifts of protons of FPIIIM ( £ -scale, CDC13, 100 Hz), 
FPIIIM (LXXX] 
6.34 
6.52 
7.05 
6.62 
6.59 
7.88 
7.80 
7.02 
6.94 
(1H, 
(1H, 
(1H, 
(1H, 
(1H, 
(2H, 
(2H, 
(2H, 
C2H, 
d, 
d, 
s) 
s) 
s) 
d, 
d, 
d, 
d, 
> 
2.5 Hz) 
2.5 Hz) 
9 Hz) 
9 Hz) 
9 Hz) 
9 Hz) 
Assignments 
H-I-6 
H-I-8 
H-II-8 
H-I-3 
H-II-3 
H-I-2',6' 
H-II-2',6' 
H-I-3 ',5 • 
H-II-3',5' 
3.88-3.94 (15H, s) OMe-I-5, II-5,1-7, II-7, II-4 • 
UK 
Table - VII 
Chemical s h i f t s of protons of FPIIIA ( £ - s c a l e , CHC13, 100 Hz), 
F P I I I / 
6 . 8 4 ( 
7 .31 ( 
7 . 2 4 ( 
6 .62 ( 
6 . 5 8 ( 
7 .79 { 
7.91 ( 
7 .03 < 
7 . 2 4 I 
3 .92 I 
2 . 4 4 
2 . 3 5 
2 .31 
i (LXXXIX) 
1H, 
1H, 
[1H, 
;IH, 
;IH, 
[2H, 
[2H, 
[2H, 
[2H, 
[3H, 
(3H, 
(6H, 
(3H, 
d, 
d, 
s ) 
s ) 
s ) 
d , 
d , 
d, 
d, 
s ) 
s ) 
s ) 
s ) 
2 . 
2 . 
9 
9 
9 
9 
5 Hz) 
5 Hz) 
Hz) 
Hz) 
Hz) 
Hz) 
Ass ignmen t s 
H - I - 6 
H - I - 8 
H - I I - 8 
H - I - 3 
H - I I - 3 
H - I - 2 ' , 6 * 
H - I I - 2 ' , 6 ' 
B - L - 3 S 5 1 
H - I I - 3 ' , 5 ' 
11 -7 
11 -5 
1 - 7 , 1 - 5 
I I - 4 * 
<3; 
s 
V 
I 
U 
-af 
Z 
116 
AcO 
M e QN^>^0 7 \\ OAc 
(LXXXIX) 
The 1HNMR spectra of FPIIIM and FPIIIA showed for five 
methoxyl and four acetoxy groups, respectively. The appearance of 
two sets of &2^2 Protons i n FPIIIM and only one set of B2 shifting 
downfield in the acetate suggested the presence of a free OH group 
at 4* position of one of the B ring and the implication of the 
corresponding position of the other -B ring in C-C-C linkage in 
FPIII. The linkage could not be through I-C-3 or II-C-3 as there 
are two invariant protons at £ 6.62 and 6.59 in the methyl ether. 
The presence of two metacoupled doublets at 6.34 and 
6.52 ppm and a singlet at 7.05 ppm suggests that the linkage is 
either through C-6 or C-8 of ring A of one of the flavone unit. 
However, FPIIIM and FPIIIA compared well with the 
corresponding ^ ~I-4'-0-II-6_7 linked biflavones. FPIII was, 
therefore, assigned the structure II-4',1-5,11-5,1-7-tetra-
hydrpjcy-II-T-0-methyl^"I-4 ,-0-II-6_7biflayone (LXVIII). 
(LXVIII) 
E X P E R I M E N T A L 
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EXPERIMENTAL 
All melting points were recorded on Kofler block and 
are uncorrected. Qualitative and quantitative layer chromato-
graphy were run on silica gel G (BDH and E. Merck) 'jsing benzene: 
pyridine:formic acid (36:9:5). HNMR spectra were recorded on 
60 Mz Varian and 100 Mz Jeol F&-902. 
Extraction of biflavanoids from the leaves of Fitzroya patagonica 
Hook f. (Cupressaceae) 
Dried and powdered leaves of Fitzroya patagonica 
(1.0 Kg) were exhaustively refluxed with petroleum ether(40-60°). 
The petrol treated leaves were then refluxed with acetone, a 
number of times. The combined acetone extracts were concentrated 
at atmospheric pressure and then under reduced pressure. The gummy 
dark green mass, so obtained, was refluxed successively with 
petroleum ether (40-60°), benzene and chloroform. 
The resulting residue was then treated with boiling 
water and the insoluble brown gummy mass was dried and extracted 
with ethyl acetate till the extract was colorless. The ethyl 
acetate extract was evaporated to dryness to yield a dark brown 
solid (2.5 g) which responded to the usual color tests for 
flavanoids. 
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Purification of the biflavanoid mixture by column chromatography 
The crude mixture of biflavanoids (2.5 g) obtained as 
above, was dissolved in dry acetone (30 ml) and adsorbed over 
silica gel (7 g). It was then poured over a glass column (160 cm 
long and 30 mm in diameter) containing silica gel (BDH, 60 g) as 
an adsorbent, in petroleum ether. After the development of bands, 
it was eluted with organic solvents with increasing polarity. 
The flavanoidic constituents were recovered (1.2 g) with ethyl 
acetate:acetone (1:1). 
Separation of fractions from the biflavanoidic mixture using 
preparative layer chromatography 
The flavanoidic mixture (1.2 g) eluted from the column 
was dissolved in pyridine and subjected to preparative layer 
chromatography using benzene:pyridine:formic acid- (36:9:5) as 
solvent. The three major bands FPI (300 mg, Rf = 0.18), FPU 
(100 mg, Rf = 0.34) and FPIII (80 mg, Rf = 0.52) were separated 
and extracted with boiling acetone. 
Methylation of FPI 
FPI (300 mg) was refluxed in dry acetone (300 ml) with 
dimethyl sulphate (2 ml) and anhydrous potassium carbonate (3 g) 
for 12 hours. It was filtered, washed with hot acetone and the 
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filtrate evaporated to dryness. The crude product was dissolved 
in chloroform, washed with water, dried on sodium sulfate and 
evaporated. On TLC examination, it was found to be a mixture of 
three methyl ethers. These methyl ethers were separated by 
preparative thin layer chromatography and labelled as FPIMI 
(70 mg), FPIMII (60 mg) and FPIMIII (60 ma). 
1-4*, II-4', 1-5,11-5,1-7, II- 7-Hexa-0-methyl,f I-3',II-8_7biflavone 
(FPIMI, XXIX) 
FPIMI, m.p.210-13°, was crystallized from chloroform-
methanol. 
In U.V. light it appeared as bright yellow spot at 
Rf 0.41 (BPF, 36:9:5) and it compared with authentic sample . 
1-4 ', II-4 •, 1-5, II-5,1-7, II-7-Hexa-C-methyl^~I-8, II-8_7biflavone 
(FPIMII, LXXVIII) 
FPIMII, m.p.296-97°, afforded colorless shining crystals 
on crystallization with chloroform-methanol. 
It gives organge fluorescence in U.V. light at Rf 0.43 
(BPF, 36:9:5) and is similar to authentic sample3. 
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1-4 ',11-4 », 1-5,11-5,1-7, II-7-Hexa-0-methyl^"I-3 »,II-6
-
7biflavone 
(FPIMIII, LXXXV) 
FPIMIII, m.p.306-08°, afforded colorless needle like 
crystals on crystallization from chloroform-methanol. . 
It gives yellowish green fluorescence in U.V. light at 
Rf 0.53 (BPF, 36s9t5) and is comparable with authentic sample, 
Methylation of FPU 
FPU (40 mg), on methylation by the method used for FPI 
afforded two methyl ethers, separated by preparative layer chroma-
tography and labelled FPIIMI (20 mg) and FPIIMII (10 mg). They 
were identified as hinokiflavone pentamethyl ether and amento-
flavone hexamethyl ether by Co-TLC and U.V. fluorescence. FPIIMII 
was not enough for spectral studies. 
1-5,11-5,1-7,11-7,11-4 •-Penta-0-methyl^""I-4'-0-lI-6_7biflavone 
(FPIIMI, LXXX) 
FPIIMI, m.p.259-62°, afforded colorless needles on 
crystallization from chloroform-methanol. 
It gives yellowish blue fluorescence in U.V. light at 
Rf 0.52 (BPF, 36:9:5) and is comparable with authentic sample3. 
m 
Acetylation of FPU 
Anhydrous FPU (50 mg) was heated in a round bottom 
flask fitted with a CaCl2 tube, with pyridine (1.0 ml) and acetic 
anhydride (2.0 ml) on a wa'ter bath for 4 hours. It was then 
allowed to come to room temperature and poured on to crushed ice. 
The separated solid was filtered through a pump and washed 
thoroughly with water. It was"dried and crystallized with chloro-
form-met hanol. Colorless needles of major constituent, FPIIA, 
m.p.255-56°, were obtained and identified as 4'f5,5n,7,7"-penta-
acetoxy-4"-m9thoxyamentoflavone. 
1-4', 1-5, II-5,1-7, II-7-Pentaacetoxy-II-4 »-0-methyl/"I-3 ', II-8_7 
biflavone (FPIIA, LXXXVIII) 
FPIIA, m.p.255-56°, crystallized from chloroform-
methanol. 
1HNMR Values (CDC13, £ -scale) 
7.25 (1H, d, H-I-8); 6.84 (1H, d, H-I-6); 6.98 (1H, s, H-II-6); 
7.40 (1H, d, H-I-5'); 7.99-8.03 (2H, m, H-I-2»,6«); 7.49 (2H, d, 
H-II-2»,6»); 6.78 (2H, d, H-II'3,,b,)i 6.60", 6.68 (1H each, s, 
H-I-3,II-3); 2.05 (3H, s, OAc-I-41); 3.76 (3H, s, CMe-II-4'); 
2.44, 2.48 (6H, s, OAc-1-5,11-5); 2.08, 2.31 (6H, 0Ac-I-7,II-7). 
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Methylat ion of FPIII 
FPIII (40 mg) was methyla ted with dimethyl s u l p h a t e -
potassium carbonate i n dry acetone by the method used f o r m e t h y l -
a t i o n of FPI, to afford h inoki f lavone pentamethyl e t h e r (FPIIIM). 
1-5, I I - 5 , 1 - 7 , 1 1 - 7 , I I - 4 »-Penta-0-methyl^"I-4 ' - 0 - I I - 6 _ 7 b i f l a v o n e 
(FPIIIM, LXXX) 
FPIIIM, m.p .258-60° , on c r y s t a l l i z a t i o n with c h l o r o -
form-methanol afforded c o l o r l e s s need l e s . 
1HNMR Values (CDClg, S - s c a l e ) 
6 .34 (1H, d, H- I -6 ) ; 6 .52 (1H, d, H - I - 8 ) ; 7.05 (1H, s , H - I I - 8 ) ; 
6 .62 (1H, s , H-I -3) ; 6.59..(1H, sr H - I I - 3 ) ; 7.88 (2H, d, H - I - 2 ' , 6 ' ) ; 
7.80 (2H, d, H - I I - 2 » , 6 ' ) ; 7.02 (2H, d, H - I - 3 ' , 5 ' ) ; 6.94 (2H, d, 
H - I I - 3 ' , 5 » ) ; 3.88-3.94 (15H, s, QMe p r o t o n s ) . 
Acetylation of FPIII 
FPIII (35 mg) was acetylated with pyridine and acetic 
anhydride by the method used for FPU. 
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1-5, I I - 5 , 1 - 7 , I I - 4 ' - T e t r a a c e t o x y - I I - 7 - O - m e t h y l / " 1-4 ' -0-11-6^7 
bi f lavone (FPIIIA, LXXXIX) 
FPIIIA, m.p .213-14° , was c r y s t a l l i z e d from chloroform-
methanol. 
1HNMR Values (CDC13, & - s c a l e ) 
6.84 (1H, d, H- I -6 ) ; 7.31 (1K, d, H- I -8 ) ; 7 .24 (1H, s , H - I I - 8 ) ; 
6 .62 (1H, s , H- I -3 ) ; 6 .58 (1H, s , H - I I - 3 ) ; 7.79 (2H,d, H - I - 2 ' , 6 » ) ; 
7.91 (2H, d, H - I I - 2 ' , 6 ' ) ; 7 .03 (2H, d, H - I - 3 1 , 5 « ) ; 7.24 (2H, d, 
H - I I - 2 ' , 6 ' ) ; 7.03 (2H, d, H - I - 3 ' , 5 ' ) ; 7 .24 (2H, d, H - I I - 3 ' , 5 ' ) ; 
3.92 (3H, s , OMe-II-7); 2 .44 (3H, s , OAc-II-5) ; 2.35 (6H, s , 
OAc-I -5 , I -7) ; 2.31 (3H, s, OAc- I I -4 1 ) . 
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